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FOUEWORD 


This study was conducted for the Lyndon B. Johnson Space Center and directed by 
Contracting Officer’s Representatives (COR)» Mssrs. Reuben Taylor and Gordon 
Rysavy. Grumman Aerospace Corporation’s study manager was Mr, John Mockovciak Jr. 

This final report is presented in seven volumes : 

Volume 1 - Executive Summary 

Volume 2 - Satellite and Services User Model 


Volume 2A 
Volume 3 
Volume 3A 
Volume 4 


Satellites and Services User Model - Appendix 
Service Equipment Requirements 
Service Equipment Requirements - Appendix 
Service Equipment Concepts 


Volume 5 - Programmatics 

Volume 3 contains the requirements for on-orbit satellite service equipment 
associated with Orbiter service operations. Appendices A and B contain functional 
analyses and on-orbit service mission scenarios that were used to identify requirements 
and the equipment needed for satellite services. The equipment requirements contained 
herein also identify the related spacecraft and crew interface requirements. 



ACRONYMS 


Abbreviations and acronyms used frequently throughout the Satellite Services 
System Analysis Study (SSSAS) are defined as follows; 

ACS - Attitude Control System 

AFD - Aft Flight Deck 

ASM - All Sky Monitor 

AXAF - Advanced X-Ray Astrophysics Facility 
CCTV - Closed Circuit Television 
C & DH - Command & Data Handling 
C & DL - Command i Data Link 
C/0 = Checkout 

t 

DDT&E - Design, Development, Test & Evaluation 

DoD - Department of Defense 

DOF - Degrees of Freedom 

EMU - Extra- Vehicular Mobility Unit 

EVA - Extra Vehicular Activity 

FSS - Flight Support System 

GAC - Grumman Aex’ospace Corporation 

GEO - Geosynchronous Earth Orbit 

GRAVSAT - Earth Gravity Field Survey Mission 

GRO - Gamma Ray Observatory 

GSE - Ground Support Equipment 

HEAO - High Energy Astronomy Observatory 

HPA - Handling & Positioning Aid 

IR - Infrared 
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IRAD - Independent Research and Development 

lUS - Inertial Upper Stage 

IVA - Internal Vehicular Activity 

t 

JSC - Johnson Space Center 

KSC Kennedy Space Center 

LAPC - Large Area Proportional Counter 

LASS - Large Amplitude Space Simulator 

LASSII - Low Altitude Satellite Studies of Ionospheric Irregularities 
LEO ” Low Earth Orbit 
LOS - Line-Of-Sight 

MDF - Manipulator Development Facility 

MFR - Manipulator Foot Restraint 

MMS - Multimission Modular Spacecraft 

MMU ~ Manned Maneuvering Unit 

MRV - Manned Reconnaissance Vehicle 

MTV - Maneuverable Television 

NOSS - National Oceanic Satellite System 

OAO - Orbiting Astronomical Observatory 

OBC - Onboard Checkout 

OCC - Operations Control Center 

OCP - Open Cherry Picker 

OMS - Orbital Maneuvering System 

PAM A - Payload Assist Module (type) A 

PAM D - Payload Assist Module (type) D 

PIDA Payload Installation & Deployment Aid 

PM 1/ II - MMS Propulsion Module I & II 

POCC - Payload Operations Control Center 
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POM - Proximity Operations Module 
ECS - Reaction Control System 
RMS - Remote Manipulating System 
ROM - Rough Order of Magnitude 
S/C " Spacecraft 

SE&I - System Engineering & Integration 

SMM - Solar Maximum Mission 

SRM - Solid Rocket Motor 

SSS - Satellite Services System 

SSSAS - Satellite Services System Analysis Study 

S/S - Subsystem 

S/SUM - Satellite and Services User Model 

STE - Special Test Equipment 

STS - Space Transportation System, 

TDRS(S) - Tracking & Data Relay Satellite (System) 
TMS - Teleoperator Maneuvering System 
TV - Television 

UARS - Upper Atmospheric Research Satellite 

UV - Ultraviolet 

VSS - Versatile Service Stage 

WBS - Work Breakdown Structure 

VVETF - Weightless Environment Training Facility 

V/IF - Water Immersion Facility 

WRU - Work Restraint Unit 

XTE - X-Ray Timing Explorer 
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SERVICE SYSTEM PROGRAM REQUIREMENTS 


X - SERVICE SYSTEM EUi GUAM REQUIUEMENTS 


• Tho satelUto service system requirements shall bo based on functions and 
operational tasks in support of three primary mission events: initial launch, 
revisits, and earth I'eturn# Within these mission events the applicable service 
functions, as shown in Fig, l-i, shall be considered, 
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Fig. 1*1 Mission Evonts/Sorvico Function Rolatlonships 


• Service requirements on or near the Orbiter (within a few kilometers) will be 
emphasized 

• Requirements in the 1983-88 time frame receive primary consideration, although 
potential requirements in the 1988-93 time frame shall also be considered 

• Equipment related requirements for crew and spacecraft interfaces shall bo 
identified 

« The service equipment shall be capable of being transported to and from orbit in 
the Space Shuttle Orbiter 

• Service equipment shall be reusable and have multiple flight capability with 
appropriate between-flight maintenance as required 

• Service equipment shall be standardized (to the extent practical) and designed 
for generic use with various classes of spacecraft 
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SERVICE EQUIPMENT MISSION REQUIREMENTS 


2 - SERVICE EQUIt>MENT MISSION REQUIREMENTS 


2.1 ON-ORBIT OPERATIONS 

2.1.1 Standardization 

Whoro practical, the on-orbit operations associated with initial launch, revisits, 
and earth return shall bo performed using the same procedures and utilizing the same 
typos of equipment. 

2.1.2 Orbit Equipment 

The servicing equipment shall operate at all LEO orbital inclinations and altitudes. 
The equipment design shall permit operations during both daylight and dark-side 
passes. 

O 1 0 n« <1 vtn f 

WiUliaA MA'd W AVI I 

Service equipment shall bo capable of intermittent operation during 30-day space 
missions. Periodic maintenance shall extend operational life to ten years. 

2.2 SATELLITE CLASSES 

The satellite classes to be considered in formulating service equipment needs and 
requirements are shown in Fig. 2-1. 

The satellite classes are defined as follows: 

• Direct Delivery/ Servicing Those satellites capable of direct delivery to 

orbit and/or servicing by the Orb iter 

• LEO/ Propulsion Those satellites whose LEO operational altitude 

is above the Orbiter's nominal delivery orbit 

• GEO Satellites Those satellites destined for GEO that are 

deployed in LEO by the Orbiter. Does not 
include DoD satellites 




• IManetary/Others 


Spacecraft destined for planetary missions that 
are deployed in LEO by the Orbiter. Addition- 
ally, undofinable satellite/ payloads as might 
presently be carried as reflight opportunities 
in the STS manifest are also grouped herein 

• Sorties/DoD Sortie missions (e»g., Spacelab flights) and 

DoD Orbiter flights are grouped herein. To 
• retain the unclassified nature of this study, 
only publicly-known information relating to 
DoD flights OP payloads is carried in 
Grumman' s Satellite User Model. 

2.3 REFERENCE SATELLITE MISSIONS 

The following satellite clascvjs/ spacecraft have been used as typical satellite 
references for supporting the development of servicing equipment requirements: 

• Direct Delivery/ServL it 

- Gamma Ray Observatory (GRO) 

- Low Altitude Satellite Studies of Ionospheric Irregularities (LASSII) 

- Advanced X-Ray Astrophysics Facility (AXAF) 

- Earth Gravity Field Survey Mission (GRAVSAT) 

• LEO /Propulsion 

- X-Ray Timing Explorer (XTE) 

- Landsat D'" 

- Upper Atmospheric Research Satellite (UARS) 

- National Oceanic Satellite System (NOSS) 

Geosynchronous 

- Simultaneous Astronomical Mission 

- Intelsat 

• Orbital Debris 

- Orbiting Astronomical Observatory (OAO) 

- Solar Maximum Mission (SMM) 

- Large Debris. 
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SERVICE EQUIPMENT USAGE AND REQUIREMENTS 
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3 -SERVICE EQUIPMENT USAGE 
& REQUIREMENTS 


3 - SERVICE EQUIPMENT USAGE AND REQUIREMENTS 


3.1 EQUIPMENT IDENTIFICATION METHODOLOGY 

3.1.1 Functional Analysis 

Figure 3.1-1 illustrates the functional analysis methodology that was used to 
initially identify service needs and related crew and satellite interactions. Five 
reference satellites were analyzed: 

• X-Ray Timing Explorer 

• Upper Atmosphere Research Satellite 



Fig. 3.1-1 Initial Methodology 
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« Advanced X-Ray Astrophysics Facility 

• GEAVSAT A 

• Orbiting Astronomical Observatory. 

Appendix A contains the detailed functional analysis of the five reference satellites 
indicated. The analysis showed that the same or similar functions are needed for a 
number of different spacecraft, Consequently, the same items of servicing equipment 
could be designed to support a number of spacecraft. 

These functional analyses suggested that standardization of on-orbit service opera- 
tions and service equipment usage appears reasonable. We, therefore, turned our atten- 
tion toward developing standardized, on-orbit servicing scenarios for the various satel- 
lite classes identified in our Satellite and Services User Model (S/SUM) . The scenarios 
were then used as the basis for identifying service equipment needs and on-orbit usage. 

3.1.2 Development of On-Orbit Operations Scenarios 

Appendix B contains the compilation of on-orbit servicing scenarios that have been 
developed for initial launch, revisit, and earth return. In developing the on-orbit oper- 
ations servicing scenarios, the following fundamental goals or objectives were sought: 

• Standardize on-orbit service operations 

- e.g., checkout, servicing, deployment performed from a single Orbiter location 

- standardize satellite interfaces /checkout approach 

• Maximize use of existing equipment and that under development 

o Enhance utilization of STS to satellite users 

- Minimize service equipment user charges and cost of on-orbit operations 
o Multipurpose equipment usage 

o High equipment usage 
0 Minimize on-orbit service time 

- Maximize mission success prospects 

o Satellites in fully operational condition before deployment 
o Improved attitude /state vector information 
o Sun-impingement protection with payload bay doors open 
o Provide for orbital storage in event of malfunctions. 
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To accomplish those goals, our appx’oach involved on examination of a broad spec- 
trum of potential servicing scenarios to surface the likely service equipment needs. 
Within those scenarios are considerations of the following; 

• Nominal*/ alternate scenarios 

• RMS inoperative situations 

• Backups for hangup of mechanical devices 

• Contamination-sensitive satellites; retrieval/servicing 

• Orbiter plume impingement/satellite control implications during close proximity 
operations. 

Additionally, the following assumptions were made in developing the on-orbit opera- 
tions scenarios; 

» Status monitoring, checkout, activation/deactivation of satellites is user 
controlled (satellite communications via Orbiter S-band or satellite's 
communications system, as appropriate) 

• Minimize Orbiter status/checkout involvement 

- Power (as required) 

- Overall health (extent tbd, but standardized for all satellites) 

- Go/No-Go for deployment and servicing verification/effectiveness is satellite 
user decision 

• Satellite deployment is via Orbiter command 

• EVA is acceptable service mode , 

• MTV usage 

- Record LEO/ GEO upper stage firings 

- Examine all satellites prior to Orbiter capture/berthing 

m Compare RMS/tilt table (FSS cradle AO usage with RMS/Handling and Positioning 
Aid ''4PA) for initial launch, revisit, and earth return 

• Satellite separation AV during deployment imparted by RMS or HPA 

‘♦Nominal scenarios use existing service equipment such as Remote Manipulator 
Sys, Flight Support System Tilt Table, PAM-A, PAM-D, etc. 


• Consider various close proximity operations 

Orbiter closure 

- "Clean” vehicle closure from 1000 ft separation 

- Versatile Service Stage closure 

o All unmanned vehicle closures are controlled by the Orbiter crew 

• Orbiter safety considerations 

- Satellite RCS firings >200 ft separation 

- Liquid rocket engine firings >2700 ft separation 

“ Solid rocket engine firings OMS separation burn required to assure 

Orbiter exit of hazard envelope 

• Uncooperative STS-era satellites assumed capturable via RMS/grapple 
techniques 

- High tumble rates assumed as "debris situation. " 

3.1.3 Service Equipment Identification Process 

The overall methodology used in identifying the satellite service equipment is illus- 
trated in Fig. 3.1-2. A matrix of servicing scenarios was initially developed for the pri- 
mary mission events: initial launch, revisit, and earth return. Within the matrix were 

reflected the applicable satellite classes, nominal and alternate modes of operation, con- 
tingency situations (as RMS inoperative), end potential close proximity operations. 
Level-1 on-orbit operations scenarios, representing sequences-of-events, were devel- 
oped for a sufficient number of cases in each servicing scenarios matrix in order to rea- 
sonably project equipment usage for the total matrix. Over twenty percent of the 180 
scenarios considered within the matrix of mission events were developed in sequence-of- 
events fashion. The final step involved a compilation of the equipment utilization for 
each of the scenarios represented in the initial launch, revisit, and earth return mat- 
rices. The service equipment identification process, reported herein, was supported by 
Grumman' s Independent Research and Development (IRAD) efforts. 

3.2 SERVICE EQUIPMENT USAGE ANALYSIS 

3.2.1 Initial Launch 

Figure 3.2-1 shows the matrix of initial launch scenarios considered in the study 
and identifies thirty-four scenarios potentially applicable for deployment. The sce- 
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nttdos noted with numoHcal designations (e.g. , Dl, D2, etc.) represent those for which 
Level 1 sequences-of-events were prepared and are provided in Appendix B* 


SATELLITE CLASSES 
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EQUIPMENT UTILIZATION 




Pig. 3.1>2 Sorvice Equlpmont Idontificatlon Process 


The Direct Delivery class payloads consider both multiple Orbiter payload deploy- 
ments and a single large payload (e.g., Space Telescope and Advanced X-Ray Astro- 
physics Facility (AXAF)). The LEO/Propulsion satellite class includes an integral pro- 
pulsion stage (as applicable to MMS-type satellites) and a Versatile Service Stage (e.g., 
Teleoperator Maneuvering System (TMS)) with two options: stage mating on the ground 
and stage mating on-orbit. The GEO/Propulsion class includes considerations of solid 
and liquid upper stages, the solids reflecting usage of lUS, PAM-A, and PAM-D. The 
deployment scenarios also consider nominal and alternate cases, RMS inoperative situa- 
tions, and the applicable close proximity operations. (The VSS is the active vehicle 
returning/ closing with the Orbiter after delivering a satellite to its operational orbit.) 
Nominal scenarios reflect use of existing equipment as RMS and the FSS Cradle A' Tilt 
Table; alternate scenarios reflect usage of the RMS in conjunction with a Handling and 
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Positioning Aid (HPA). Additionally, all sconarios include backups for hangup of 
mochanicttl devices, 

3.2. 1,1 Nominal Initial Launch Scenarios - HMS and/or RMS/Tilt Table Usage 

The nominal series of scenarios, referred to in the Initial baunch-Deployment 
Scenarios matrix (Fig, 3.2-1), represents scenarios in which the RMS is used to deploy 
payloads from the Orbiter, and/or serves to support a deployment operation involving a 
Tilt Table (e.g., FSS Cradle A*) or payload deployment devices as PAM-A and D, As 
shown in the Initial baunch-Deployment Scenarios matrix, eleven Level-1 sequencos-of- 
events wore prepared (D-1, D-2, D-5, D-6, D-13, D-9, D-11, D-15, D-16, D-17, D-18) 
to aid in surfacing equipment utilizations. The D1 and D2 scenarios are highlighted in 
Fig. 3.2-1 as they will be addressed further to illustrate the technique used to identify 
service equipments /usage. 
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Fig. 3.2-1 Initial Launch - Doploymont Scor^rios 

(all scenarios include backups for hangup of mechanical devices) 
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Figure 3.2-2 Illustrates a simplified form of the D1 Levol-1 on-orbit sequonce-of- 
evonts for the direct delivery payload class, multiple payload deployment, and primary 
RMS usage situation. I'ho service equipment needs associated with a particular event 
shown in the figure are highlighted. Note that the first event calls for; 

• Retention Structure 


• Remote Manipulator System (RMS) 

• AFD Controls /Displays for satellite checkout. 

The backup situations have also identified equipment needs, namely; 

• Manipulator Foot Restraint (MFR) to cover retention latch hangups 

• MMU/WRU with a stabilizei? attachment to assist a potential satellite appendage 
hangup. 


© 



RMS ATTACH SATELLITE ACTIVATION 
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Fig. 3.2*2 D1 Initial Launch Sequence — Direct Delivery Payload Class - Multiple Payloads — RMS Usage 


3-7 






Tho equipment usage segment of the nominal scenario (HMS and/or UMS and tilt table 
usage) addressing the B-1 scenario Is highlighted in Fig, 3.2~3» within the overall for- 
mat being used to identify equipment utilization for all tho scenarios applicable to this 
nominal (RMS and/or UMS and Tilt Table usage) case, The Levol-1 sequence-of-evonts 
identifies the primary and backup service equipment needed for the D-1 scenario. Addi- 
tionally, optional service equipment is also applicable, at tho discretion of tho satellite 
user. This optional equipment consists of; 


« Sun Shield - to provide solar impingement protection to a satellite with tho 
Orbiter's payload bay doors open 

• Orbital Storage - to enable the satellite user to leave the spacecraft on orbit for 
subsequent revisit /repair in the event of a malfunction detected prior to deploy- 
ment, The orbital storage mode obviates the need to return the satellite to 
earth and relaunch, incurring additional launch costs 
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Fig. 3.2-3 D1 - Initial Launch - Equipment Utilization Summary - RMS and/or RMS/Tilt Table Usage 
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# Attitude Transfer Paokogo - to provide improved attitude and state vector 
information to the sateliite 

• Lighting Enhancement needs could apply In all situations Involving EVA? thus, 
where EVA is shown as a backup need (with MFE/RMS, for example) it is also 
reflected as a backup in the optional equipment category. 

Figure 3.2‘’4 is identical to Fig, 3,2-1 but now highlights the strip of ton individual 
scenarios applicable to the nominal (RMS and/or HMS/Tilt Table usage) scenarios. This 
is done to further Illustrate the equipment identification techniquor and to acquaint the 
reader with the format for the equipment utilization summary cherts that follow in this 
report. 
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Fig. 3.2-4 Initial Launch - Doploymorit Sconarlos - Nominal Scenario Emphasis -- RMS and/or 
RMS/Tllt Table toe 

(all scenarios include backups for hangup of mechanical devices) 
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Flguro 3.2-0 now shows tho equipment utilisation summary that yol’loets the sorvioo 
equipment usogo for tho nominal ton soonarios highlighted in Fig. 3.2-4. In addition, 
tho Level-1 Bequoneo-ol-ovonts (o.g., D-i, l)-5, etc.), which wore prepared to surface 
the equipment identifications, are olso identified on tho figure. Their equipment 
utilisations can bo correlated with tho scenarios found in Appendix B. 

Figure 3.2-5 identifies tho nominal, optlonol, and baoHup service equipment 
applicable to these initial launch scenarios for tho satolUto classes /categories shown, 
wherein the principal equipment usage involves on IIMS and/or FSS Cradle A' Tilt Table. 
Note that an MFR/llMS appears as a backup for all scenarios, although EVA via handrails 
could also be used. Tho MMU/WlUJ with stabiliisor adaption appears on four scenarios. 

In consonance with our original assumptions, an MTV is deployed to view and record all 
propulsion stage firings and thus appears on seven scenarios. Exclusive of AFD 
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Controls /Displays and optional oqulpmonti botwoon throe and six items of sorvloe equip- 
ment are needed to cover those initial launch scenarios » 


Figure 3*2-6 illustrates the simplified form of the D-2 Levol-l on-orbit soqueneo- 
of-ovonts for the direct delivery payload class, multiple payload deployment, with an 
HMS-inoporativo situation* The service equipment needs associated with a partioulor 
event shown In the figure are highlighted. Note that the first event calls for; 

• Retention Struoture 

• MMU/WRU with RMS end effector adaption 

• AFD Controls / Displays for satellite oheokout, 

The backup situations have also identified equipment needs, namely; 

• MMU/WRU with stabilizer to cover retention latch hangups, or EVA via handrails 
could be employed 


• A second MMU/WRU with stabilizer which would be needed to assist a potential 
satellite appendage hangup while the first MMU/WRU with end effector maintains 
the stability of the satellite. 
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Tho equipment usage segment of the D-2 EMS«inoporatlvo scenario is highlighvod In 
Fig. 3.2-7. Note that a second MMU/WRU would bo needed to also support the orbital 
storage option. However, since the nominol equipment oomplomont would contain two 
MMU/WlUJs, tho orbital storage option could bo accomplished within tho basic scenario's 
complement of equipment. 
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Figure 3.2-8 now highlights the strip of nine individual scenarios applicable to this 
RMS-inoperative situation for the various satellite classes/categories shown in the origi- 
nal Initial launch deployment scenarios matrix (Refj Fig, 3,2-1), 
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Figure 3.2-9 reflects the equipment utilization summary for the strip of nine indivi 
dual scenarios highlighted in Fig. 3.2-8, Also identified are the Level-1 sequences-of- 
events (e.g., D-2, D-6) which were prepared to surface the equipment identification. 
The figure identifies the nominal, optional, and backup service equipment applicable to 
these RMS-inoperative initial launch scenarios for the satellite clasoes/categories 
shown. Note that the MMU/WRU adaptations have replaced both the RMS and MFR/RMS 
functions previously shown in the RMS usage situation (Ref; Fig, 3.2-5). Note, also, 
that a second MMU/WRU with stabilizer is needed for four of the scenarios shown. 
Exclusive of AFD Controls /Displays and optional equipment, between two and five items 
of service equipment are needed to cover these initial launch scenarios. 
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3. 2. 1.2 Alterngto Initial Launch Sof'i<arios - RMS/HPA Usage 


The alternate series of scenarios referred to in the Initial Launch-Deployment 
Scenarios matrix (Fig. 3.2-1) represents scenarios where the RMS serves to support 
deployment operations involving a Handling and Positioning Aid (IIPA), or payload 
deployment devices as PAM-A and -D. In these scenarios is shown in Fig. 3.2-10 and 
dard location" from which satellite checkout is performed and from which the satellite is 
deployed. As shown in the Initial Launch-Deployment matrix, eight Level-1 sequences- 
of-events were prepared (D-3, D-4, D-7, D-8, D-14, D-iO, D-12, D-19) to aid in sur- 
facing equipment utilizations. 


The equipment usage for these alternate scenarios is shown in Fig. 3.2-10 and 
3.2-11. Figure 3.2-10 shows the equipment complements for the eight individual sce- 
narios wherein the RMS and HPA are prime service equipment. The figure identifies the 
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nominal, optional, and backup service equipment applicable for the satellite classes/ 
categories shown. The figure also identifies the Level-1 sequences-of-events (e.g. , 
U-3, D-7, etc.) that were prepared to surface the equipment identifications shown.! 
Exclusive of AFD Controls/Displays and optional equipment, between four and six items 
of service equipment are needed to cover these initial launch scenarios. 


Note that in the previous equipment identifications for the Nominal scenarios (RMS 
and/or RMS/Tilt Table usage), an Attitude Transfer Package was identified as an item of 
optional equipment to provide improved attitude/state vector information to satellites. 
For scenarios that utilize an HPA, however, the attitude transfer function is built into 
the HPA. 


Figure 3.2-11 shows the equipment usage for the eight individual scenarios wherein 
the RMS/HPA are the planned prime service usage equipment, and the RMS is inopera- 
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tive. The j’igure again identifies the nominal, optional, and backup service equipment 
applicable for the satellite classes /categories shown. It also identifies the Level-i 
sequencQs-of-events (e.g. , D-4, D-8) that were prepared to assist in surfacing the 
equipment identifications noted therein. Note that in this RMS-inoperative situation, the 

j MMU/WRU adaptations have again replaced both the RMS and MFR/RMS functions shown in 

[ 

' the RMS-inoperative case (Refs Fig. 3.2-10). Also note, however, that in this HPA 
i usage situation, a single MMU/WRU is needed as contrasted with the Tilt Table usage case 

I (Fig. 3.2-9) where two MMU/WRUs are called for. Exclusive of AFD Controls /Displays 

and optional equipment, between three and five items of service equipment are needed to 
I cover these initial launch scenarios. 

3. 2.1.3 S ummary of In iti al Launch Service Equipment and Usage 

f 

^ Figure 3,2-12 consolidates the equipment utilization summaries that apply to the 34 

, scenarios considered in the Initial Launch-Deployment Scenarios matrix. A total of 17 

I 

I service equipment needs have been identified for initial launch to cover the matrix of ap- 
plicable scenarios shown in Fig. 3.2-12. Thirteen of the equipment needs represent nom- 
j inal (or basic) equipment that would be carried in the satellite operations. Four of the 
identified equipment needs represent optional equipment /services that could be made 
I available to the satellite user community. The service equipment needs Identified are as 
^ follows; 

i 

i 

Nominal Equipment Needs 

I (1) Retention Structure Satellite retention can be satisfied by an inte- 

gral structure built into the satellite, the 

I Flight Support System (FSS) which is adaptable 

^ to MMS-type (or configuration) payloads, or by 

I mounting payloads in Spacelab pallets. Payload 

I . retention latches should be designed for back- 

up manual release; following release they 
'Should maintain the satellite in a "caged” condi- 
tion to enable RMS attachment for deployment 
I ' (if applicable) . 

(2) Tilt Table This deployment capability can be satisfied by 

the FSS Cradle A' and is also available for 
Inertial Upper Stage (lUS) and PAM A 
• payloads. 
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(3) Spin Table 


(4) Payload Installation and 
Deployment Aid (PIDA) 


(5) Remote Manipulatoi' 
System (RMS) 


(6) Manipulator Foot 

Restraint (MFR)/RMS 


(7) Manned Maneuvering Unit/ 
Work Restraint Unit 
(MMU/WRU) 


Spin capabilities for deployment, can be pro- 
vided for PAM A and PAM D payloads, and can 
also be accommodated on the Handling and 
Positioning Aid (HPA). 

Enables deployment (and I’e-installation) from 
the payload bay of very large slze/mass pay- 
loads (e.g., 15 ft diameter and 65,000 lb) 
without exceeding the 3.0 inch Orbiter 
clearance envelope. 

The RMS can be used to deploy payloads from 
the Orbiter payload bay, provided that the sat- 
ellites contain an RMS-compatible grapple 
fixture. The RMS will release a satellite with 
essentially no differential velocity during 
deployment. It should be noted, however, 
that most of our operational scenarios call for 
satellites to be released by the RMS with a AV 
of about 1 ft/sec — a capability for which the 
RMS has not been nominally designed. 

The MFR/RMS serves as a backup for potential 
hangup of retention latches, mechanical hangup 
situations asAjOciated with satellite appendage 
deployment, and for EVA support of sortie 
missions. 

Adaptations of the WRU in conjunction with the 
MMU serve as the backup for RMS-inoperative 
situations for initial launch /deployment. A 
WRU adapted with an RMS snare end-effeotor 
would remove a satellite from the payload bay 
and deploy it with a AV of about 1 ft /sec. A 
WRU adapted with a stabilizer could serve to 
support hangups of retention latches and 
similar situations associated with appendage 
deployment of satellites. 
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(8) Handling and Positioning Aid 
(HPA) 


(9) Maneuverable Television (MTV) 


(10) Versatile Service Stage (VSS); 
• Delivery /Rendezvous 
Capability 


(11-13) Aft Flight Deck-Controls 
& Displays (AFD-C&D) : 

• RMS Control Panel 

• Satellite C/0 Panel 

• Close Proximity Ops 
Panel 


The HPA will support satellites outside the con- 
fines of the payload bay and, with its "over- 
the side" feature, could enable full deployment 
of satellite appendages (if desired) prior to 
release from the Orbiter. It contains a stan- 
dardized berthing and umbilical interface for 
initial checkout prior to deployment, has 
provisions for an attitude/ state vector trans- 
fer for all satellites, and provides the means to 
impart a AV to a satellite to effect Orbiter 
separation. Additionally, a spin table capa- 
bility can also be accommodated. 

For initial launch /deployment, the MTV can be 
deployed to view and record propulsion stage 
firings of satellites destined for higher LEO 
altitudes and GEO. 

The VSS is used to transfer satellites to higher 
energy LEO orbits. Following satellite place- 
ment, the VSS would return to the Orbiter and 
rendezvous within about 1000 ft. The close 
proximity flight control to RMS capture of the 
VSS is remotely controlled by the Orbiter 
crew. 

Controls and displays will be provided in the 
AFD for control of the RMS, for standardized 
satellite checkout and deployment, and for 
close proximity flight control of the MTV and 
Versatile Service Stage. 
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Optional Equipment 
(X4) Sun Shield 


This equipment provides solar impingement 
protection to a satellite with the Orbiter's 
payload bay doors open and is modularly 
adaptable to accommodate varying length 
satellite payloads. 

(15) Orbital Storage Provides the satellite user with the option to 

leave the spacecraft on-orbit for subsequent 
revisit /repair in the event of a malfunction 
detected prior to deployment that would 
categorize the satellite as nonoperational. 

(16) Attitude Transfer Pac’^ago This unit provides a means for accurately 

transferring attitude reference data from the 
Orbiter nav-base to satellites requiring accu- 
rate attitude/ position information prior to 
deployment. 

(17) Lighting Enhancement Supplementary lighting or enhanced viewing 

capabilities are provided for backup EVA 
activities potentially associated with satellite 
deployment. 
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3.2*2 Revisit 


Figure 3.2-13 shows the matrix of revisit scenarios considered in the study and 
identifies forty-eight scenarios as applicable. The scenarios noted with numerical 
designations (o.g, , Rl, R2» etc.) are those ibr which the Levol-1 sequences-of-evonts 
have been prepared and are provided in Appendix B. The Direct Delivery class pay- 
loads cover retrieval/sorvicing of satellites directly reachable by the Orbiter and 
include nominal (MMS-type) payloads, large satellite payloads, and contamination- 
sensitive satellites. The DEO/ Propulsion satellite class involves payload retrieval from 
higher energy orbits followed by renclessvous witn the Orbiter for servicing. This satel- 
lite class includes consideration of integral propulsion stages (e.g. , MMS-type) and 
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Fig. 3.2’13 Revisit — Servicing Scenarios 

(aii scenarios inciudo backups for hangup of mechanical devices) 
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Vox’satUo Service Stage usage; for both propulsion cases, a nominal and oontamlnatlon- 
sensitivo payload are shown. Additionally, the revisit scenarios consider nominal and 
alternate cases, RMS-inoporatlvo situations, and the applicable close proximity 
operations below; 

• Direct Delivery payload class 

- Orbiter closure/ satolUto capture 

- "Clean” vehicle closure/ satellite capture of contamination-'sonsitivo 
spacecraft within 1000 ft of the Orbiter 

• LEO /Propulsion payload class 

- Orbiter closure/ satellite capture 

" "Clean” vehicle closure/ satellite capture of contamlnation’-sensitlve 
spacecraft within 1000 ft of the Orbiter 

- "Clean” VSS closure where the VSS is the active vehicle closing with the 
Orbiter for RMS capture, after retrieving a satellite from its operational 
orbit. 

Two additional alternate scenarios (No. 2 and 3) are also shown which utilize either 
manned or unmanned retrieval of satellites within 1000 ft of the Orbiter, All scenarios 
also include backups for hangup of mechanical devices. The R-1, R-3, and R-6 
scenarios are highlighted in Fig, 3,2-13 as they will be addressed again to illustrate the 
techniques used to Identify service equipment/ usage for revisit missions. Further, the 
R-1 scenario, involving RMS /Tilt Table as prime service equipment, Will be compared 
with the R-3 scenario using the RMS/HPA, 

3. 2, 2,1 Nominal Revisit Scenarios - RMS /Tilt Table Usage 

The Nominal series of scenarios refeiTed to in the Revisit-Servicing Scenarios 
matrix (Ref: Fig, 3.2-13) represent scenarios where the RMS is used to retrieve satel- 
lites and place them on a Tilt Table for on-orbit servicing. Subsequent to servicing and 
checkout of the satellite, the RMS is used to redeploy the spacecraft from the Orbiter, 

The scenarios apply to the Direct Delivery-Revisit and LEO/Propulsion-Revisit 
payload classes. The LEO /Propulsion class satellites, with integral stages, would 
return from their operational orbit to the Orbiter's nominal orbit to enable direct 
retrieval /capture by the Orbiter. LEO/Propulsion class satellites compatible* with the 

♦capable of being docked to the VSS 
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Versatile Service Stage (VSS) would bo captured and returned from their operational 
orbit to the vicinity of the Orbiter, where the close proximity operations would bo 
remotely controlled by the Orbiter crow. The VSS's "cloon-burnlng” propulsion system 
would be used for those close-in operations to bring the VSS/ satellite to within the RMS 
roach distance to effect capture. For contamination-sensitive payloads (excluding VSS- 
compatiblo satellites) a '‘clean-burning" Proximity Operations Modulo (manned or 
unmonnod) would bo deployed when the payload is within 1000 ft of the Orbiter to bring 
the satellite to within the UMB reach distance. As shown in the Revisit-Ser vicing 
Scenarios matrix, four Lovol-1 sequoncos-of-events were prepared (R-1, R-2, R-5, 

R-7) to aid in surfacing equipment utilizations. 

Figure 3.2-14 shows the R-1 bevol-1 revisit on-orbit sequonco-of-evonts for the 
Direct Dolivery-Revisit payload class, nominal payload (MMS-type), and primary 
RMS/ FSB Cradle A' Tilt Table usage situation. Retrieval is directly accomplished by the 
Orbiter after examination of the satellite. Service equipment needs aosociated with a 
particular event are again highlighted, as was formerly illustrated in the sequence-of- 
events charts presented for initial launch. Note that the initial events call for; 

0 Maneuverable Television (MTV) 

• Remote Manipulator System (RMS) and associated AFD Controls /Displays 

• AFD Controls/Displays for close proximity flight control of the MTV, 

Subsequent operations identify; 

• Tilt Table (FSS Cradle A») 

• OOP work platform associated with the Tilt Table 

• Open Cherry Picker (OCP) and RMS 

• AFD Controls/Displays for satellite checkout /servicing support 

• Equipment stowage/ fluid transfer system for servicing support, 

The backup situations identify equipment needs; 

• Manipulator Foot Restraint (MFR) to cover Tilt Table or latch hangups 

• MMU/WRU with stabilizer attachment to assist a potential satellite appendage 
hangup. 
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Fig, 3.2-14 R1 — Nominal RovUit Sconario — Direct Dotivory Payload Class — Nominal Payload ■ 
IMMS-Typo) - RMS/Tilt Table Usage 
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The equipment usage segment of the R~1 revisit scenario, with RMS/Tilt Table prime 
usage, is now highlighted in Fig. 3.8-15 to illustrate the format for summarizing equip- 
ment usage for all the scenarios applicable to this nominal (RMS/Tilt Table usage) case. 
The equipment corresponds to that previously identified in the R-1 sequence-of-events 
charts. Optional equipment is also applicable, at the discretion of the satellite user. 
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Fig. 3.2-15 R1 — Revisit - Equipment Utilization Summary — Nominal Scenario — RMS/Tilt Table Usage 


Figure 3.2-16 is identical to Fig. 3.2-13 but now highlights the strip of seven 
individual scenarios applicable to this nominal RMS /Tilt Table usage situation for the 
various satellite classes /categories shown. Figure 3.2-17 presents the total equipment 
utilizations for the scenarios highlighted in the strip of scenarios in Fig. 3.2-16. Shown 
is the nominal, optional, and backup service equipment applicable to the seven revisit 
scenarios, represented by the satellite classes /categories indicated for this RMS/Tilt 
Table prime usage situation. Also identified are the Level-1 sequences-of-events (e.g., 
R-1, R-5, etc.) that were prepared to aid in surfacing the equipment identifications 


3-26 



OF poSS QUftU-rt 


ORViyii! 



•'X. PAYLOAD CLASS 

a 

^'-vjQ^EGORY 

DIRECT DELIVERY/REVISIT 

LEO/PROPULSION 


NOMINAL 


CONTAM 

INTEGRAL PROP STAGE 

VERSATILE SERV STAGE | 


(MMS-TYPE) 

LARGE 

SENSITIVE 

NOMINAL 

CONTAM 

nominal 

CONTAM 

SCENARIO 

PAYLOAD 

PAYLOAD 

PAYLOAD 

PAYLOAD 

SENSITIVE 

PAYLOAD 

SENSITIVE 

c 

liMiillillii 

R-1 

• 

R.5 

• 

• 

R-7 

• 


RMS INOPERATIVE 

miQm 

• 

• 

• 

• 

• 

• ^ 

■ 




"CLEAN" 

ORBITER 

CLOSES 

"CLEAN" 



1 

CLOSE PROXIMITY OPS 

ORBITER CLOSES 

VEHICLE 

CLOSES 

VEHICLE 

CLOSES 

"CLEAN" VSS CLOSES 

4 

ALTERNATE NO, 1 
(RMS/HPA USAGE) 

R-3 

• 

• 

• 

O 

« 

R-8 

i 

RMS INOPERATIVE 

R-4 

• 

• 

• 

• 

• 

• 

I 

CLOSE PROXIMITY OPS 

ORBITER CLOSES 

"CLEAN" 

VEHICLE 

ORBITER 

CLOSES 

"CLEAN" 

VEHICLE 

"CLEAN" ^ 

/SS CLOSES 

1 




CLOSES 

CLOSES 


i 

alternate NO. 2 

• 

• 

e 

• 

9 

NA 


(RMS/HPA, MANNED 
RETRIEVAL AT 1000') 








« 

RMS INOPERATIVE 

• 

e 

• 

« 

• 

NA 


CLOSE PROXIMITY OPS 

manned VEHICLE CLOSES 

— 

i 

alternate no. 3 

9 

• 

R-6 

• 

O 

NA 


(RMS/HPA, UNMANNED 
RETRIEVAL AT 1000') 








M 

RMS INOPERATIVE 

9 

• 

9 

9 

• 

NA 


CLOSE PROXIMITY OPS 


UNMANNED VEHICLE CLOSES 














^RAO ; 
R81-018X-020(T) 


NA» NOT APPLICABLE 

R-N “ SCENARIOS COMPLETED 


Fig. 3.2-16 Revisit — Servicing Scenarios — Nominal Scenario Emphasis — RMS/Tilt Table Usage 
(all scenarios include backups for hangup of mechanical devices) 
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shown, which can be correlated with the scenarios found in Appendix B. Note thm the 
equipment complements for these scenarios are essentially Identical, except for the 
contamination-sensitive satellites wherein a "clean” propulsion form-of-retrieval and a 
noncontaminating Orbiter ACS are called for. Exclusive of AFD Controls /Displays and 
Optional Equipment, between seven and nine items of service equipment are needed to 
cover these revisit servicing scenarios. 

Figure 3.2-18 presents the equipment complements for the same seven nominal sce- 
narios wherein the itMS/Tilt Table is the planned prime sen^ice usage equipment (Ref. ; 
Fig. 3.2-17), but the RMS is inoperative. The equipment oornplements are seen to be 
similar to the RMS-operative situation but now the MMU/WRU variations are necessary to 
complete the missions. Note, however, that a second MMU/WRU with stabilizer is also 
needed for these seven scenarios. Exclusive of AFD Controls/ Displays and optional 
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Fig. 3.2-18 Revijit - Equipment Utilization Summary — Nominal Scenario - RMS/Tilt Table Usage - 
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equipment, between six and eight items of service equipment are needed to cover these 
revisit servicing scenarios. 

3. 2. 2. 2 Alternate Uovisit Scenarios No, 1 - HMS/HPA Usage 

The Alternate No. 1 series of scenarios referred to in the Revisit-Servicing 
Scenarios matrix (Hof: Fig. 3. 2-13 ) represents scenarios where the RMS is used to 
retrieve satellites and place them on a Handling/ Positioning Aid (HPA) for on-orbit 
servicing. In these scenarios, the HPA becomes the "standard location" at which 
servicing and checkout of the satellite is performed, and from which the spacecraft is 
redeployed from tlie Orbiter. 

The Alternate No. 1 scenarios apply to the Direct Delivery-Revisit and LEO/ 
Propulsion-Revisit payload classes. The close proximity and retrieval operations 
associated with the payload classes/categories are the same as with the Nominal Revisit 
Scenarios (Sec. 3. 2. 2.1). As shown in the Revisit-Servicing Scenarios matrix, three 
Level-1 sequences-of-events were prepared (R-3, R-4, R-8) to aid in surfacing equip- 
ment utilizations. 

Figure 3.2-19 shows the R-3 Level-1 revisit on-orbit sequence-of-events for the 
Direct Delivery-Revisit payload class, nominal payload (MMS-type). Retrieval is again 
directly accomplished by the Orbiter after inspection of the satellite. Service equip- 
ment needs associated with a particular event are again highlighted, as was formerly 
illustrated for other sequence-of-events charts. The initial events call for: 

9 Maneuverable Television (MTV) 

9 Remote Manipulator System (RMS) and associated AFD Controls /Displays 

9 AFD Controls/Displays for close proximity flight control of the MTV. 
Subsequent operations identify: 

9 Handling and Positioning Aid (HPA) 

9 Work Platform for the HPA 

9 Open Cherry Picker (OCP) and RMS 

9 AFD Controls /Displays for satellite checkout/ servicing support 

9 Equipment stowage/fluid transfer systems for servicing support. 

The backup situations identify the following equipment needs: 
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RB1-0181-023(T) 

Fig. 3,2-19 R 3 — Alternate T^o, 1 Revisit Scenario --v Direct Delivery Payload Class — Nominal 
Payload {MMS - Clas?) - RMS/HPA Usage 
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• Manipulator Foot Restraint (MFR) to cover latch hangups 

• HPA work platform (also identified above) to assist a potential satellite 
appendage hangup. 

The equipment usage for tl'.e R-3 revisit scenario, with RMS /HPA prime usage, is 
highlighted in Fig, 3.2-20, within the overall format being used to identify equipment 
usage for all the scenarios applicable to this Alternate No. 1 (RMS/HPA usage) case. 

The equipment corresponds to that identified in the R-3 sequence-of-events chart shown 
previously, and also includes the optional equipment applicable for this scenario. 
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Fig. 3.2-20 R3 — Revisit — Equipment Utilization Summary — Alternate Scenario No. 1 -- RMS/HPA Usage 
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Figure 3.2-21 again repeats the original Revisit-Servicing Scenarios matrix (Ref; 
Fig. 3.2-12), but highlights the strip of seven individual scenarios applicable to this 
RMS/HPA usage situation for the various satellite classes /categories shown. Figure 

3.2- 22 summarizes the equipment utilizations for the scenarios emphasized in Fig. 

3.2- 21. Shown is the nominal, optional, and backup service equipment applicable to the 
seven revisit scenarios represented by the satellite classes /categories indicated for this 
RMS/HPA prime usage situation. Also identified are the Level-1 sequences-of-events 
(R-3, R-8) that were prepared to aid in surfacing the equipment identifications shown 
and can be correlated with the scenarios found in Appendix B. The equipment comple- 
ments for these scenarios are essentially identical, except for the contamination- 
sensitive satellites wherein a "clean” propulsion form-of-retrieval and a noncontam- 
inating Orbiter ACS are called for. Exclusive of AFD Controls /Displays and optional 
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Fig. 3.2-22 Revisit - Equipment Utilization Summary - Aiternato Scenario No.1 - RMS/HPA Usage 


equipment, between six and eight items of service equipment are needed to cover these 
revisit service scenarios. 

A comparison of the equipment utilization summaries between RMS /Tilt Table usage 
(Fig. 3.2-17) and RMS/HPA usage (Fig. 3.2-22) shows that one less item of service equip- 
ment (MMU/WRU with stabilizer) is needed for the service scenarios utilizing the HPA. 


The equipment complomonts for the RMS-inoperative situation relating to the seven 
(Alternate No. 1) scenorios, where the RMS/HPA is the planned prime service usage 
equipment, are shown in Pig. 3.2-23. The equipment complements are similar to the 
llMS-operative situation (Ref; Fig, 3.2-22), but now the MMU/WRU variations are again 
necessary to complete the missions. Exclusive of AFD Controls/Displays and optional 
equipment, between five and seven items of service equipment are needed to cover these 


revisit servicing scenarios. 
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Comparing the RMS/Tilt Table (Fig. 3.2-18) vs. RMS/HPA (Fig. 3.2-23) usage 
scenarios with RMS-inoperative, we again find that one less item of service equipment 
(MMU/WRU with stabilizer) is needed for the service scenarios utilizing the HPA. 




3, 2. 2. 3 Alternate Revisit Scenarios No. 2 - RMS/HPA UsaKO " Manned Kotrieval at 
1000 ft Separation. 

The Alternate Ho. 2 series of scenarios referred to in the Kevisit-Servioing Sce- 
narios matrix (Ref: Fig. 3.2-13) represent scenarios in which the Orbitor would rendez- 
vous within 1000 ft of a payload, and a manned Proximity Operations Module (POM) is 
dispatched to retrieve and bring the payload to within RMS roach distance. The payload 
is then captured by the RMS and placed on the Handling/ Positioning Aid for on-orbit 
servicing. Following servicing and checkout, the spacecraft is redeployed from the 
Orbiter . 

The scenarios apply to the Direct Delivery-Revisit payload class and the LEO/ 
Propulsion-Revisit payload class with an integral propulsion stage. The satellite, with 
its integral stage, would return from its operational orbit to the Orbiter's nominal orbit 
to enable capture of the satellite/ stage by the POM and retrieval by the RMS/Orbiter. 

The equipment usage for the Alternate No. 2 revisit scenarios is shown in Fig. 
3.2-24. The nominal, optional, and backup service equipment is shown for the five 
revisit scenarios in which manned retrieval of satellites ax 1000 ft separation is appli- 
cable. Manned retrievals can be accomplished by Proximity Operations Modules (POM) in 
either of two variations: an "MMU/WRU adaptation” or a "Manned Version.” The distinc- 
tion between the two is that the POM-MMU/WRU adaptation applies to masses in the range 
of MMS-type payloads (or smaller); for larger payloads (such as AXAF), a larger POM- 
Manned Version has been called for. 

As shown in Fig. 3.2-24, the service equipment complements for these scenarios are 
similar, except for the contamination-sensitive payloads which call for a noncontami-. 
nating Orbiter ACS during on-orbit servicing. Exclusive of AFD Controls /Displays and 
optional equipment, six or seven items of service equipment are needed to cover these 
revisit service scenarios. 
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Figure 3# 2-25 presents the equipment complements for the same five Alternate No. 2 
scenarios reOeotod in Fig. 3.2-24, but now with the llMS-inoporativo. Once again, MMU/ 
WRU adaptations appear as the contingency elements for RMS-inoperative situations. 
Note, however, that in this HPA usage situation a single MMU/WRU is needed, as con- 
trasted with the Tilt Table usage case (Fig. 3.2-18) whore two MMU/WRUs are called 
for. Exclusive of AFD Controls /Displays and optional equipment, five or six items of 
service equipment are needed to cover these revisit service scenarios. 

Of interest is that one loss item of service equipment is needed for this RMS- 
inoperative case than was called for in the RMS-operative situation. The MMU/WRU 
adaptations (e.g. , with end-effector, with stabilizer, and with payload handling capa- 
bility) built within a single, modularly-adaptable WRU could replace the RMS and 
OCP/MFR functions. 

3. 2. 2. 4 Alternate Revisit Scenarios No. 3 - RMS/HPA Usage - Unmanned Retrieval at 
10 QQ ft Separation 

The Alternate No. 3 series of scenarios referred to in the Revisit-Servicing 
Scenarios matrix (Ref; Fig. 3.2-13) represent scenarios where the Orbiter would 
rendezvous within 1000 ft of a payload, in unmanned Proximity Operations Module 
(POM) is then dispatched to retrieve and bring the payload within RMS reach distance 
where it is captured by the RMS and placed on the Handling/ Positioning Aid for on-orbit 
servicing. Following servicing and checkout, the spacecraft is redeployed from the 
Orbiter. 

The scenarios apply to the Direct Delivery-Revisit payload class and the LEO/ 

Propulsion-Revisit payload class with an integral propulsion stage. The satellite, with 

its integral stage, would return from its operational orbit to the Orbiter' s nominal orbit 

♦ 

to enable capture of the satellite /stage by the POM and retrieval by the RMS/Orbiter. 

As shown in the Revisit-Servicing Scenarios matrix, the R-6 Level-1 sequence-of-events 
was prepared to aid in surfacing equipment utilizations. 
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Figure 8.2-26 shows the R-6 Level-1 revisit on-orbit sequence-of-events for the 
Direct Delivery-Revisit payload class, contamination-sensitive satellite. Service equip- 
ment needs are again highlighted as they appear in the scenario and for backup 
situations. The initial events call for; 

• Proximity Operations Module (POM) which can be an adaptation of the 
Maneuverable Television (MTV) 

• Remote Manipulator System (RMS) and associated AFD Controls/Displays 

• Handling and Positioning Aid (HPA) 

• AFD Controls /Displays for checkout of the POM 

• AFD Controls/Displays for close proximity flight control of the POM. 

Subsequent operations identify; 

• Noncontaminating Orbiter ACS to enable servicing of the contamination- 
sensitive satellite 

• Work Platform for the HPA 

• Open Cherry Picker (OCP) and RMS 

<» AFD Controls /Displays for satellite checkout/ servicing support 
« Equipment storage/ fluid transfer for servicing support. 

Backup situations identify the following equipment needs ; 

« Manipulator Foot Restraint (MFR) to cover latch hangups 

• HPA work platform (also identified above) to assist a potential satellite 
appendage hangup. 
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ThQ equipment usage segment of the R-6 scenario is shown highlighted in Fig. 
3.2“27, within the overall format being used to identify equipment usage for ail the 
scenarios applicable to this Alternate No. 3 case. The primary/ backup equipment shewn 
corresponds with that appearing on the previous Level-1 sequerice-of-events charts. 
Optional service equipment that are applicable are also shown. 
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Figure 3.2-28 repeats the original Revisit-Servioing Scenarios matrix (Ref; Fig. 
3.2-13), but highlights the strip of five scenarios applicable to this RMS/HPA usage 
situation, coupled with unmanned retrieval of satellites within a 1000 ft Orbiter 
separation distance. The next illustration (Fig, 3.2-39) summarizes the equipment 
utilizations for the scenarios emphasized in Fig. 3.2-28. 
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Figure 3.2-29 identifies the nominal, optional, and backup service equipment for 
these five revisit scenarios. Retrievals are accomplished by a Proximity Operations 
Module-MTV adaptation capable of handling the spectrum of satellite masses projected in 
our Satellite and Services User Model (S/SUM). Service equipment complements are 
almost identical to the manned retrieval scenarios (Fig. 3.2-25), but with the addition 
of an Aft Flight Deck Control /Display for close proximity flight control (remote) of the 
POM by the Orbiter crew. Exclusive of AFD Controls/Displays and optional equipment, 
six or seven items of service equipment are needed to cover these revisit-servicing ■ 
scenarios. 
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Figure 3.2-30 proaents the equipment needs for the same five Alternate No. 2 
scenarios reflected in Fig. 3.2-29, but now with the RMS inoperative. Again, the 
MWIU/WRU adaptations appear as the contingency elements for RMS-inoperative situa- 
tions. Exclusive of AFD Controls/Displays and optional equipment, five or six items of 
service equipment are needed to cover these revisit servicing scenarios* As was noted 
for the manned retrieval situation with RMS inoperative, this unmanned retrieval situa- 
tion also calls for one less item of service equipment than in the RMS-operative 
situation. 
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Fig. 3.2>30 Revisit - Equipment Utilization Summary - Alternate Scenario No. 3 - RMS/HPA Usage - 
Unmanned Retrieval of Satellites at 1000 Ft Separation — RMS Inoperative 


3, 2. 2. 5 Sumnmry of Revisit Service Equipment and Ugggo 


Figure 3.2-31 consolidates the equipment utilization summaries that apply to the 48 
scenarios considered in the Revisit-Sorvioing Scenarios matrix, A total of 21 service 
equipment needs have been identified to cover the revisit scenarios sliown in Fig, 

3.2-31, Eighteen of the equipment needs represent nominal (or basic) equipment that ' 
would be carried in the satellite services Inventory to cover both planned and contin- 
gency operations. Three of the equipment needs identified represent optional 
equipment/ services which could be made available to the satellite user community. The 
service equipment needs identified for revisits are as follows; 

(1) Equipment Storage Provisions are needed for transport/stowage of 

components, modules, instruments, etc., to 
enable satellite maintenance, refurbishment, 
and reconfiguration. The wide variety of 
potential package geometries/masses may call 
for unique support arrangements for each 
satellite being serviced. 

(2) Tilt Table The FSS Cradle A* is used as a support struc- 

ture for on-orbit satellite servicing within the 
confines of the Orbiter payload bay. The 
Cradle A' /satellite interface contains pro- 
visions for berthing/ retention, umbilical 
connectors, and a rotational (turn table) 
mechanism to enable access to the satellite. 


(3) Open Cherry Picker (OPC) 
Tilt Table Work Platform 


(4) Open Cherry Picker /Remote 
Manipulator System (OCP/RMS) 


A work platform can be adapted to the FSS 
Cradle A' to enable servicing of variable 
diameter/length satellites mounted on the Tilt 
Table. This capability, together with the 360° 
rotational feature provided with the Tilt 
Table, provides total access to all locations on 
a satellite. 

The OCP is a movable work station controlled 
by an r’VA astronaut on the tip of the RMS arm. 
Servicing capabilities include lighting, tool 
storage, a payload handling/ transport device. 
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(5) Manipulator Foot Restraint 
(MFR)/RMS 


(6) Remote Manipulator System 
(RMS) 


(7) Handling and Positioning 
Aid (HPA) 


and a stabilizer to rigidly position the 
astronaut relative to a work site. 

The MFR/RMS serves as a backup for potential 
hangups of mechanical devices in the payload 
bay, and hangup situations associated with 
satellite appendage deployment. For those 
missions where an OCP is carried as part of the 
basic service equipment complement, the 
OCP / RMS would replace the backup functions 
of the MFR/RMS. 

On revisit missions, the RMS is used to deploy 
the MTV for examining payloads prior to re- 
trieval. It subsequently retrieves the pay- 
loads when within reach-distance of the RMS . 
arm. The payloads are then placed on the 
Tilt Table or Handling and Positioning Aid 
for on-orbit servicing. The RMS is also 
used to support OCP and MFR utilization. 

The HPA is used as a support structure for on- 
orbit satellite servicing outside of the confines 
of the Orbiter payload bay. Servicing can be 
accommodated by rotating turn-table provi- 
sions in the HPA and via a movable work sta- 
tion with translational and vertical motion 
capabilities to enable total access to all 
locations of a satellite. The HPA contains a 
standardized berthing and umbilical interface 
for checkout prior to satellite redeployment 
(following servicing), has a fluid coupling 
interface to transfer propellants, has provi- 
sions for an attitude/state vector transfer for 
all satellites, and provides the means to impart 
a AV to a satellite to effect Orbiter separation. 
Additionally, the "over-the-side" feature of 
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(8) Fluid Transfer System 


(0) Noncontaminating Attitude 
Control System (ACS) 


(10-12) Aft Flight Deck Controls & 
Displays (AFD-C&D); 

• RMS Control Panel 

• Satellite C/0 Panel 

• Close Proximity Ops 
Panel 

(13) Maneuverable Television (MTV) 


the HPA could enable full deployment of satel- 
lite appendages prior to release from the 
Orbiter. 

Provisions are needed for storage and transfer 
of propellants for satellites and the Versatile 
Service Stage (which is used to deliver/ 
retrieve satellites beyond the nominal delivery 
altitude of the Orbiter). Fluids replenishment 
could involve both direct tankage /fluid replace- 
ment and transfer of propellants via a special 
fluid transfer system. The needs for either 
approach are dependent upon more definitive 
definitions of satollite(s) and propulsion stage 
requirements than are presently available. 

Orbiter servicing of contamination-sensitive 
satellites can be effected by providing a non- 
contaminating ACS package in the payload bay. 
The package would provide precision, long- 
term attitude control without the use of the 
Orbiter' 8 Primary or Vernier reaction control 
systems. Alternatively, and if acceptable, the 
Orbiter could be placed into a free-drift mode. 

Controls and displays will be provided in the 
AFD for control of the RMS, for standardized 
satellite checkout and deployment, and for 
close proximity flight control of the MTV, 
Versatile Service Stage, and unmanned Proxi- 
mity Operations Module. 

The MTV is used to remotely examine all 'satel-' 
lites prior to Orbiter retrieval, and can also be 
deployed to view and record Versatile Service 
Stage propulsion firings. The system is flown 
by the Orbiter crew from the Aft Flight Deck, 
with video and telemetry transmission back to 
the Orbiter. 
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C14) Proximity Operations Module 
(POM) - MTV Adaptation 


(15) Proximity Operations Module 
(POM) - Manned Version 


(16) Manned Maneuvering Unit/ 
Work Restraint Unit 
(MMU/WRU) 


The Orblter can readily rendezvous with a 
satellite to within a 1000 ft distance. Un- 
manned retrieval of satollites within this 
1000 ft range can bo accomplished by a POM- 
MTV adaptation. Controlled by the crow in the 
Orbiter, the POM would bo dispatched to cap- 
ture the satellite and return it to within the 
roach distance of the RMS. It would be flown 
via TV (essentially using MTV equipment) and 
would effect capture via the satollito's RMS- 
compatible grapple fixture. The POM has been 
Initially configured for retrieving satellites 
with masses up to 10,000 lb. It utilizes a non- 
contaminating cold gas propulsion system which 
provides throe axes of control during froe- 
flight and satellite towing operations. 

The Manned Version of the Proximity 
Operations Module was configured for retrieval 
of large satellites ( ‘*'->30,000 lb mass) within a 
1000 ft range of the Orbiter. Our present 
satellite & services user model (S/SliM), how- 
ever, projects a low usage rate for this POM- 
Manned Version. This suggests th&l ^,7ge mass 
retrieval capability be designed in to the POM- 
MTV adaptation to minimize the number of new 
equipment developments, and to reduce user 
charges by accommodating satellite retrieval 
with high usage service equipment. 

Adaptations of the WRU in conjunction with 
the MMU serve as the backup for RMS- 
inoperative situatioru for revisit service 
missions. A WRU adapted with an RMS snare 
end-effector would retrieve payloads within 
the local vicinity of the Orbiter and position 
the payloads on the Tilt Table or HPA for on- 


3-51 


(17) Proximity Operations Module 
(POM) - MMU/WEU 
Adaptation 


(18) Versatile Service Stage (VSS) ; 
e Retrieval & Rendezvous 

i 

1 

i 

j. 

1 

;i 

!| 

1 

1 


orbit servicing. Further, a payload handling 
adaptation of the WRU would transport replace- 
ment equipment/ modules from the payload bay 
to the work platform at the service site. To 
support hangups of mechanical devices in the 
payload bay and situations associated with sat- 
ellite appendage deployment, a WRU adapted 
with a stabilizer would be deployed to allow 
manual release by an EVA asti’onaut. The 
three adaptations of the WRU (RMS snare 
end-effector, payload handling, stabilizer) 
referred to above, are implemented in terms of 
"kits" adaptable to a single WRU carried on the 
service mission. 

Manned retrieval of satellites within a 1000 ft 
range can also be accomplished by a POM=MMU/ 
WRU adaptation. An astronaut would fly the 
MMU/WRU to the satellite, capture it via the 
satellite’s RMS-compatible grapple fixture, and 
tow the satellite to within the reach distance 
of the RMS. For near-term satellite retrieval 
missions, the POM-MMU/WRU adaptation 
appears to be the more readily available POM 
approach, since most of the major hardware 
elements exist or are in late stages of, develop- 
ment. Downstream satellite retrieval missions 
would likely favor the POM-MTV adaptation. 

The VSS retrieves satellites from higher energy 
LEO orbits not accessible directly by the Orbi- 
ter. It is equipped with a high performance 
propulsion system for performing large AV 
maneuvers and a clean-firing cold-gas pro- 
pulsion system for close-in satellite retrieval 
and Orbiter close proximity operations. The 
VSS contains TV systems for satellite exami- 
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nation and to support remote control of the 
VSS-tO“satellite docking/ capture operation. 
Servicing of the satellite takes place on the 
Orbiter. After appropriate checkout of the 
satellite /VSS and refueling of the VSS, the 
payload is deployed from the Orbiter; the VSS 
then delivers the satellite to its operational 
orbit and returns again to the Orbiter. Follow 
ing satellite capture, the VSS would return to 
the Orbiter and rendezvous within about 1000 
ft. The close proximity flight control to RMS 
capture of the VSS/ satellite is remotely con- 
trolled by the Orbiter crew. On-orbit refuel- 
ing of the VSS would be accommodated by an 
appropriate fluid transfer system in the Orbi- 
ter payload bay. The VSS would also be de- 
signed to operate with a special front-end 
attachment (or "kit”) to permit retrieval of 
satellites known to be oscillating or tumbling 
at rates higher than acceptable for docking by 
the VSS. The "kit" would enable the VSS to 
stabilize the "noncooperative satellite," follow 
with VSS docking/ capture, and return to the 
Orbiter . 


Optional Equipment 

(19) Orbital Storage Provides a means to leave the serviced satellite 

on-orbit for subsequent revisit / repair in the 
event of a malfunction detected during servic- 
ing and/or prior to redeployment which would 
render the satellite non-operational . 

(20) Attitude Transfer Package This unit provides a means for accurately 

transferring attitude reference data from the 
Orbiter Nav-base to satellites requiring 
accurate attitude /position information prior to 
deployment from the Orbiter. 
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(21) Lighting Enhancement 


Supplementary lighting or enhanced viewing 
capabilities are provided for nominal and 
backup EVA activities associated with revisit 
servicing missions. 

3.2.3 Earth Return 

Figure 3.2-32 shows the matrix of earth return scenarios that were considered in 
the study and identifies ninety-eight scenarios as applicable. The scenarios with 
numerical designations (e.g. , ER-1, ER-2, etc.) are those for which Level-1 
sequences-of-events have been prepared and are provided in Appendix B. The Direct 
Delivery-Return class payloads cover retrieval and earth return of those satellites 
directly reachable by the Orbiter. The LEO /Propulsion-Return class payloads involve 
satellite retrieval from higher energy orbits followed by rendezvous with the Orbiter. 
The payload classes /categories shown are identical to those in the Revisit-Servicing 
Scenarios matrix in Fig. 3.2-13, with the addition of debris de-orbit and debris return 
categories and the cooperative /noncooperative satellite situations applicable to the 
respective payload categories. The earth return scenarios also reflect similar nominal 
and alternate cases, RMS inoperative situations, and close proximity operations as the 
Revisit-Servicing Scenarios matrix. 

All scenarios again include backups for hangup of mechanical devices. The ER-9 
scenario is highlighted in Fig. 3.2-32 because it will be addressed further in Section 

3. 2. 3. 3 (Alternate Earth Return Scenario H) to Illustrate the approach used to identify 
service equipment /usage for earth return missions. 

3. 2. 3.1 Nominal Earth Return Scenarios No. 1 - RMS Usage 

The Nominal No. 1 series of scenarios referred to in the Earth Return Scenarios 
matrix (Ref: Fig. 3.2-32) represent scenarios in which the RMS is used to retrieve 
payloads and then stow the spacecraft in the Orbiter payload bay. The scenarios apply 
to the Direct Delivery-Return, and LEO/Propulsion-Return payload classes. 

LEO /Propulsion class satellites compatible* with the Versatile Service Stage (VSS) 
would be captured and returned from their operational orbit to the vicinity of the 'Orbi- 
ter, where the close proximity operations would be. remotely controlled by the Orbiter 
crew. The VSS's "clean burning" propulsion system would be used for these close-in 
operations to bring the satellite/ VSS to within the RMS reach distance to effect capture. 


♦capable of being docked to the VSS 
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Fig. 3.2-32 Earth Return Service Scenarios 

(all scenarios include backups for hangups of mechanical devices) 
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3-55 
















































































































"Noncooperativo" VSS-compatible satellites that are STS-compatible Ce.g., outfitted with 
un IIMS grapple fitting) would bo captured by a VSS adapted with a front-end "kit" 
capable of sufficiently stabilizing the satellite to enable VSS-to-satellite docking, 
followed by return to the Orbiter/RMS capture. Debris return or deorbit situations 
would be handled by another VSS front end "kit" designed to capture uncooperative/ 
unstable spacecraft. Following capture, the VSS could impart a AV to effect a controlled 
reentry of the debris, or return /rendezvous with the Orbiter, with the VSS being 
"flown-in" by the Orbiter crew to enable RMS capture. 

"Cooperative" LEO/ Propulsion class satellites, with integral stages, would return 
from their operational orbit to the Orbiter's nominal orbit to enable direct retrieval/ 
capture by the Orbiter. "Noncooperative" LEO /Propulsion class satellites, with inte- 
gral stages, would be captured by a VSS adapted with the debris retrieval front-end 
"kit." Following capture, the satellite/VSS would rendezvous with the Orbiter to effect 
RMS capture. 

For contamination-sensitive payloads (excluding the VSS-compatible satellites) a 
"clean burning" Proximity Operations Module (manned or unmanned) would be deployed 
when the payload is within 1000 ft of the Orbiter to bring the satellite to within the RMS 
reach distance. 

Figure 3.2-33 shows the nominal and backup service equipment applicable to the 
earth return scenarios represented by the satellite classes /categories indicated. The 
equipment complements vary considei’ably depending upon the type of payload being 
retrieved. An MTV is deployed to examine all payloads prior to retrieval, except for the 
contamination-sensitive payloads wherein a Proximity Operations Module (containing 
viewing capabilities) is deployed. For large spacecraft, a Payload Installation/ 
Deployment Aid (PIDA) is used to position the satellite in its retention structure. A 
Versatile Service Stage (VSS) is used in eight scenarios; six basic and two involving 
retrieval of noncooperative nominal and contamination-sensitive satellites with integral 
propulsion stages. Exclusive of AFD Controls /Displays, between four and seven items 
of service equipment are needed to cover these earth return service scenarios. 
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Fig. 3.2-33 Earth Return — Equipment Utilization Summary — Nominal Scenario No. 1 — RMS Usage 
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Figure 3.2-34 presents the equipment complements for the same earth return 
scenarios represented by the Mominal No. 1 case, but now the RMS is inoperative. The 
same basic equipment complements apply as in Fig. 3.2-33, but now the MMU/WRU 
variations are again necessary to complete the missions. Note that a second MMU/WRU 
with stabilizer is also needed for all of thewe scenarios. Exclusive of AFD Controls/ 
Displays, between four and six items of service equipment are needed to cover these 
earth return service scenarios. 

3. 2. 3. 2 Nominal Earth Return Scenarios No. 2 - RMS/Tilt Table Usage 

The Nominal No. 2 series of scenarios referred to in the Earth Return Scenarios 
matrix (Ref; Fig. 3.2-32) represents scenarios in which the RMS is used to retrieve 
satellites and place them on a Tilt Table for checkout/appendage or equipment removal. 
The Tilt Table is also used as a mechanism to rotate the satellite into its retention struc- 
ture for return to earth. The scenarios apply to the Direct Delivery-Return and LEO/ 
Propulstion- Return payload classes. The close proximity and retrieval operations asso- 
ciated with the payload classes /categories are the same as with the Nominal Earth Return 
Scenarios No. 1 (Sec. 3.2. 3.1). 

Figure 3.2-35 shows the nominal and backup service equipment applicable to the 
earth return scenarios represented by the satellite classes /categories indicated. The 
equipment complements are comparable to the Nominal No. 1 RMS usage situation (Ref; 
Fig. 3.2-32), but with the addition of the Tilt Table and OCP-Tilt Table Work Platform 
(which is considered as a single unit of equipment). Exclusive of the AFD Controls/ 
Displays, between five and eight items of service equipment are needed to cover these 
earth return service scenarios. 

Figure 3.2-36 presents the equipment complements for the same earth return 
scenarios represented by the Nominal No. 2 case, but now with the RMS inoperative. 

The same basic equipment complements apply as in Fig. 3.2-35, but now the MMU/WRU 
variations are again needed to complete the missions. Note that a second MMU/WRU with 
stabilizer could also be called for, although EVA via handrails in the payload bay might 
also be used for these backup retention latch hangup situations. Exclusive of AFD 
Controls /Displays, between four and seven items of service equipment are needed to 
cover these earth return service scenarios. 
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3,2.3»3 Altornttto Earth Uoturn Scenarios No. 1 - RMS/HPA Usogo 


The Alternate No. 1 series of scenarios referred to in the Earth Return Scenarios 
matrix (Ref. 3.2-32) represents scenarios in which the RMS is used to retrieve payloads 
and place them on a Handling & Positioning Aid (HPA) for final ohookout/appendage or 
equipment removal, prior to RMS stowage of the payload in the Orblter payload bay. 

The scenarios apply to the Direct Delivery-Return, and LEO /Propulsion-Return 
payload classes. The close proximity and retrieval operations associated with the pay- 
load classes /categories are again the same as with Nominal Earth Return Scenario No. 1 
(Sec, 3. 2. 3.1) and No. 2 (Sec. 3. 2.3, 2). As shown in the Earth Return Scenarios 
matrix, six Level-1 soquences-of-events were prepared (ER-3, ER-4, ER-9, ER-10, 
ER-11, ER-12) to aid in surfacing equipment utilizations. The ER-9 scenarios will be 
elaborated further to illustrate the process utilized. 

Figure 3.2-37 shows the ER-9 Level-1 earth return sequence-of-events for the 
LEO /Propulsion payload class, nominal payload (MMS-type), in which a satellite is re- 
trieved from its operational orbit and returned to the Orbiter by the VSS to effect RMS 
capture. Service equipment needs associated with a particular event are again high- 
lighted, as was illustrated for previous sequences-of-events charts. The initial events 
call for; 

• Versatile Service Stage (VSS) and its retention structure within the Orbiter 

• Remote Manipulator System (RMS) and associated AFD Controls/Displays 

• Handling & Positioning Aid (HPA) 

• AFD Controls/Displays for checkout of the VSS 

• Maneuverable Television (MTV) to view VSS firing and to examine the VSS and 
the satellite prior to "flying-in" the VSS within the RMS reach distance 

• AFD Controls/Displays for close proximity flight control of the MTV. 

Subsequent operations identify: 

• VSS capabilities to rendezvous /dock with the satellite 

• AFD Controls /Displays for close proximity flight control of the VSS 

• Retention structure for satellite stowage 

• Options to enable removal/ stowage of satellite equipment and, potentially, to 
provide power to the satellite during the earth return flight 
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• UP A work platform for servicing the VSS prior to stowage. 

Backup situations identify the following equipment needs; 

• MMU/WItU with stabilizer to assist with a latch hangup during stowage of the 
satellite 

• MFE/llMS to cover a latch hangup associated with the VSS 

• ilPA work platform (also identified above) to assist a potential satellite 
appendage hangup. 

The equipment usage segment for the ER-9 scenario is shown highlighted in Fig, 3.2-38, 
within the overall format being used to identify equipment usage for all the scenarios 
applicable to this Alternate No. 1 case. 
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Figure 3.2-39 repeats the original Earth Return Scenarios matrix (Rof{ Fig, 

3.2-32), but highlights the strip of thirteen scenarios applicable to this RMS/HPA usage 
situation. 

Figure 3.2-40 summarizes the equipment utilizations for the scenarios emphasized In 
Fig. 3.2-39. Shown are the nominal and backup service equipment for these thirteen 
earth return scenarios. Also Identified are the Level-1 sequences-of-evonts (ER-3, 

EU-9, ER-10, ER-U, ER-12) that were prepared to aid in surfacing the equipment 
identifications shown, and can bo correlated to the scenarios found in Appendix B. The 
equipment complements are the same as the Nominal No. 2 RMS/Tilt Table usage situation 
(Ref! Fig. 3.2-35), but with the HPA replacing the Tilt Table/ OCP-Tilt Table Work 
Platform. Exclusive of the AFD Controls/ Displays, between five and eight items of 
service equipment are needed to cover these earth return service scenarios. 

Figure 3.2-41 presents the equipment complements for the same earth return 
scenarios represented by the Alternate No. 1 case, but now with the RMS inoperative. 
The same basic equipment complements apply as in Fig. 3.2-40, but now the MMU/WRO 
variations are again needed to complete the missions. Note that a second MMU/WRU with 
stabilizer could also be called for, although EVA via handrails in the payload bay might 
also be used for these backup retention latch hangup situations. Exclusive of AFD 
Controls /Displays, between five and seven items of service equipment are needed to 
cover these earth return service scenarios. 

3. 2. 3. 4 Alternate Earth Return Scenarios No. 2 - RMS/HPA Usage - Manned Retrieval 
at 1000 ft Separation 

The Alternate No. 2 series of scenarios referi’ed to in the Earth Return Scenarios 
matrix (Ref: Fig. 3.2-32) represent scenarios where the Orbiter would rendezvous 
within 1000 ft of a payload. A manned Proximity Operations Module (POM) is then dis- 
patched to retrieve and bring the payload within RMS reach distance. The payload is 
then captured by the RMS and placed on the Handling/ Positioning Aid for finr.f checkout/ 
appendage or equipment removal prior to RMS stowage of the payload in the Orbiter 
payload bay. 

The scenarios apply to the Direct Delivery-Return and LEO /Propulsion -Return 
payload classes, (Only the cooperative payloads with integral propulsion are considered 
since the balance of the LEO /Propulsion payload categories would be handled via 
Versatile Service Stage usage which were covered in Alternate Scenarios No. 1.) The 
satellite; with its integral stage, would return from its operational orbit to the Orbiter's 
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nominal orbit to enable capture of the satellite/ stage by the manned POM and retrieval by 
the RMS/Orbiter. 

As shown in the Earth Return Scenarios matrix, two Level-1 sequences-of-events 
were prepared (ER-5, ER-6) to aid in surfacing the equipment usage. The overall 
equipment usage for the Alternate No. 2 revisit scenarios is shown in Fig. 3.2-42. The 
nominal and backup service equipment is shown for the five earth return scenarios in 
which manned retrieval of satellites at 1000 ft separation are applicable. Manned 
retrievals would be accomplished by Proximity Operations Modules in either of two 
variations: an "MMU/WRU adaptation" or by a "Manned Version." The distinction 
between the two is that the POM-MMU/WRU adaptation applies to masses in the range of 
MMS-type payloads (or smaller); for larger payloads (such as AXAF or Space Telescope), 
a larger POM-Manned version has been called for. 

As shown in Fig. 3.2-42, the service equipment complements for these scenarios are 
similar, except for the contamination-sensitive payloads which call for a noncontamina- 
ting Orbiter ACS for the earth return mission and the use of the Payload Installation/ 
Deployment Aid (PIDA) for large payloads. Exclusive of AFD Controls/ Displays, 
between five and seven items of service equipment are needed to cover these earth 
return service scenarios. 

Figure 3.2-43 presents the equipment complements for the same five Alternate No. 2 
scenarios reflected in Fig, 3.2-42, but now with the RMS inoperative. Again, the MMU/ 
WRU adaptations appear as the contingency elements for RMS inoperative situations. 
Exclusive of AFD Controls /Displays, five or six items of service equipment are needed to 
cover these earth return service scenarios. 
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3. 2. 3. 5 Alternate Earth Return Scenarios Ho. 3 - RMS/HPA Usage - Unmanned 
lletrieval at 1000 ft Separation 

The Alternate No. 3 series of scenarios referred to in the Earth Return Scenarios 
matrix (Ref; Fig. 3.2-32) represents scenarios where the Orhiter would rendezvous with- 
in 1000 ft of a payload. An unmanned Proximity Operations Module (POM) would then 
be deployed to retrieve and bring the payload to within RMS reach distance. The pay- 
load is then captured by the RMS and placed on the Handling & Positioning Aid (HPA) for 
final checkout /appendage or equipment removal, prior to RMS stowage of the payload in 
the Orbiter payload bay. 

The scenarios apply to the Direct Delivery-Return, and LEO /Propulsion payload 
classes. (Again, only the cooperative payloads with integral propulsion are considered 
herein, since the balance of the LEO /Propulsion payload categories would be handled via 
Versatile Service Stage usage which were covered in Alternate Scenarios No. 1.) 

The satellite, with its integral stage, would return from its operational orbit to the 
Orbiter’s orbit to enable capture of the satellite/ stage by the unmanned POM and 
retrieval by the RMS /Orbiter. 

As shown in the Earth Return Scenarios matrix, the ER-7 Level-1 sequence-of- 
events was prepared to aid in surfacing equipment usage. The overall equipment usage 
for the Alternate No. 3 scenarios is shown in Fig. 3.2-44. The nominal and backup 
service equipment is shown for the five earth return scenarios in which unmanned re- 
trieval of satellites at 1000 ft separation are applicable. Retrievals are accomplished by 
a Proximity Operations Module-MTV adaptation capable of handling the spectrum of 
satellite masses projected in our Satellite and Services User Model (S/SUM). Service 
equipment complements are almost identical to the manned retrieval scenarios (Fig. 
3.2-42), but with the addition of an Aft Flight Deck Control/Display for close proximity 
flight control (remote) of the POM by the Orbiter crew. Exclusive of AFD Controls/ 
Displays, six or seven items of service equipment are needed to cover these earth return 
servicing scenarios. 

Figure 3.2-45 presents the equipment needs for the same five Alternate No. 3 
scenarios reflected in Fig. 3.2-44, but now with the RMS-inoperative. Again, the 
MMU/WRU adaptations appear as the contingency elements for RMS-inoperative situa- 
tions. Exclusive of AFD Controls/Displays, between five and six items of service 
equipment are needed to cover these earth return servicing scenarios. 
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3. 2. 3. 6 Summary of Earth Return Service Equipment and Usage 


Figure 3.2-46 consolidates the equipment utilization summaries that apply to the 98 
scenarios considered in the Earth Return Scenarios matrix. A total of 19 service equip- 
ment needs (18 nominal, one optional) have been identified to cover the earth return 
scenarios in Fig. 3.2-32. This equipment would be carried in the satellite services 
inventory to cover both planned and contingency situations. The service equipment 
needs identified for the earth return service missions follow: 

Nominal Equipment Needs 

Cl) Retention Structure Satellite retention for earth return would 

merely duplicate the form of retention used for 
initial launch in the Orbiter. 

(2) Special Retention Structure Earth return of satellites previously launched 

by unmanned launch vehicles will require 
unique retention structures duplicating the 
original launch vehicle’s support interface. 
Special structures would also be required to 
support earth return of pieces or elements of 
satellite debris. 

(3) Equipment Storage Stowage of spacecraft elements, such as equip- 

ment or appendages, may be needed to enable the 
satellite's support in ivj retention structure 
(e.g., nonretractable appendages). In these 
cases, it would be expected that these stowage 
provisions will be provided in the basic 
retention structure for the satellite as part of 
"special hardware" for earth return. 

(4) Remote Manipulator The RMS retrieves payloads when within the 

Syftem (RMS) reach-distance of the RMS arm and is used to 

place the payloads in their retention struc- 
tures within the, payload bay. The RMS is also 
used to deploy the Maneuverable Television to 
examine payloads before retrieval and supports 
EVA operations with the Manipulator Foot 
Restraint unit. 
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(5) Tilt Table and Open Cherry 
Picker (OOP) Tilt Table 
Work Platform 


(6) Manipulator Foot Restraint 
(MFR)/RMS 


(7) Maneuverable Television (MTV) 


(8) Payload Installation and 
Deployment Aid (PIDA) 


(9) Handling and Positioning 
Aid (HPA) 


(10) Noncontaminating Attitude 
Control System (ACS) 


For those satellites that utilize the FSS Cradle 
A’ Tilt Table (or equivalent) for initial launch, 
and the Tilt Table/OCP Work Platform for on- 
orbit servicing, the same hardware could be 
provided to enable checkout /equipment or 
appendage removal prior to earth return. 
Additionally, the Tilt Table could also serve as 
an element of the satellite's retention 
structure. 

The MFR/RMS serves as a backup for potential 
hangups of mechanical devices in the payl oad 
bay for earth return missions and hangup 
situations associated with satellite 
appendages. 

As in the revisit- servicing missions, the MTV 
is used to remotely examine all satellites prior 
to Orbiter retrieval and can be deployed to 
view and record Versatile Service Stage 
firings, xhe system is flown by the Orbiter 
crew from the Aft Flight Deck. 

Enables re-installation into the payload bay 
of very large size/mass payloads (e.g., 15 ft 
diameter and 65,000 lb) that are "tight" in 
terms of the 3.0 inch Orbiter clearance 
envelope. 

The HPA, with its standardized berthing and 
umbilical interface, supports the deployment 
of the Versatile Service Stage, and also enables 
checkout/ equipment or appendage removal from 
a satellite prior to earth return. 

Orbiter retrieval of contamination- sensitive 
satellites could be supported by providing a 
noncontaminating ACS package in the payload 
bay or, alternatively, by placing the Orbiter. 
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(11-13) Aft Flight Deck Controls & 
Displays (AFD-C&D); 

• HMS Control Panel 

• SatolUte C/0 Panel 

• Close Proximity Ops 
Panel 

(14) Manned Maneuvering Unit/ 
Work Restraint Unit 
(MMU/WRU) 


(15) Proximity Ops Module 
(POM)-MMU/\VRU Adaptation 

(16) Proximity Ops Module 
(POM)-Manned Version 

(17) Pi’oximity Ops Module 
(POM) -MTV Adaptation 

(18) Versatile Service Stage (VSS) 

• Rendezvous/ Retrieval 
Capability 

• Non-cooperative 
Satellite Retrieval 
Capability 

• Debris Capture 
Capability 


into p froo-drift mode during satolUto capture 
operations. 

Controls and displays will bo provided in the 
AFD for control of the RMS, for checkout of 
the satellite prior to earth return, and for 
close proximity flight control of the MTV, 

Versa tile Service Stage, and the unmanned 
Proximity Operations Module. 

Adaptations of the WRU in conjunction with 
the MMU again serve as the backup for RMS 
inoperative situations for earth return service 
missions. Two "kit" adaptations apply for 
these missions; (1) an RMS snare end- 
effecior to enable payload retrieval, and (2) a 
stabilizer to allow for manual assist (by an 
astronaut) of mechanical hangups in the pay- 
load bay area. 

Retrieval of spacecraft within 1000 ft of the 
Orbiter would be accomplished by Proximity 
Operations Modules in the same manner as 
previously described for the revisit-service 
missions . 

The VSS is again used to retrieve satellites 
from higher energy orbits not directly acces- 
sible by the Orbiter. In addition to the capa- 
bilities needed for revisit- service missions, 
the earth return service missions call for 
debris retrieval and controlled debris de-orbit. 
The VSS would be adapted with a special 
front-end "kit" designed to capture uncoopera- 
tive/unstable spacecraft. Following capture, 
the VSS could impart a AV to effect controlled 
reentry of the debris, or return and rendez** 
vous with the Orbiter. 
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Optional Equipment 
(19) Lighting Enhancement 


Supplementary lighting or onliancoci viewing 
capabilities are provided for nominal and 
backup EVA activities associated with earth 
return service missions. 


3.2.4 


The orbital storage mode provides the satollite user with the option to leave the 
spacecraft on-orbit for subsequent revisit /repair in the event of a malfunction detected 
prior to deployment that would catogorisso the satellite non-operational, Orbital stor- 
age negates the need for carrying backup spares, etc. (incurring added user charges), 
and eliminates the necessity for returning a satellite to earth for repair and subsequent 
relaunch (also additional user charges). 

Scenarios for four orbital storage options have been developed (Ref! Fig. 3,2-47) 
and are provided in Appendix B. The scenarios Indioote that the operations involved, to 
completely envelop a satollite with an enclosure, are slightly different depending upon 
whether a satellite is greater or less than 15 ft long. 




Fig. 3.2*47 Oi^bital Storngo Options 


Satellites longer than 15 ft must be lifted off the HPA and supported by the HPA 
work platform while the enclosure is fitted over the satellite. To effect this operation 
the HPA work platform would be adopted with an IlMS end-effector to enable the platform 
to support the satellite via its grapple fixture. 

In contrast, satellites less than 15 ft long can be fitted with the enclosure while 
remaining attached to the HPA. The scenarios in Appendix B contain additional details 
relating to the on-orbit operations associated with effecting the orbital storage mode. 
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3. a SlillVlCK EQUIPMENT - SUMMAUY 


Figure 3.3-1 8 ummaris 508 the sorvico equipment needs identified for tlio nuijor 
mission events i initial launoh, revisit, and earth return, as rofleotod in ths 180 
on-orbit operations scenarios considered heroin. The service equipment needs and their 
related equipment categories are? 


EQUIPMENT CATEGORY 

Support Struoture 
On-Orbit Equipment 
Froe-PliglU Sy steals 
Optional Equipment 
Advanced Capabilities 
Tools 


IDENTUnED SERVICE EQUIPMENT NEED S 
!2 

15 

10 

4 

2 

-L 

Total 34 


Primary (solid bullet) and backup equipment (open bullet) is shown? bullets with 
connecting lines refer to equipment needs that could bo satisfied by single units of 
service hardware. Clearly, many service equipment needs appear on more than one 
major mission event. 

Figure 3.3-2 indicates the status of the equipment identified and notes 
equipment which exists, is under development, or has been newly identified. Each item 
of hardware under development and the new equipment Identified is referenced to the 
service equipment requirements sheets that follow. 
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Fig. 3.3*1 Sorvlco Equipment Summery 



3.4 SERVICE EQUIPMENT REQUIREMENTS 


Roquireinents for each item of equipment identified in Fig. 3,3-2 are contained 
heroin. A sketch of the concept for oaqh item is included, and tables list the require- 
ments for the equipment and tlie interface requirements imposed on the spacecraft and 
crew . 


SERVICE EQUIPMENT 

STATUS 

Support Structure 


Retention itructurt? 

Existing (MMS FSS, trunnion flttlngsl/New Integral, Fig. 3,4 • 1&2 

Spoclol retention structure 

New, Fig. 3.4 '3&4 

On*Orblt Equipment 


Equipment stowaoO'On orbit support 

Now, Fig. 3.4 • e&fi 

Equipment stowagoKmrth return 

Now, Fig. 3.4 • 7&8 

Tilt toblo 

Existing, (FSS, lUS, PAM-Al standord hordwaro Fig. 3.4 -9&10 

' OCP/RMS 

Development hardware, Fig. 3,4 » 1 1&1 2 

OCP/tllt table work platform 

Now, Fig. 3.4 ..13&14 

MFR/RMS 

Development hordwaro. Fig. 3.4* 1E&16 

Spin table 

Existing, (PAM*A, PAM*D| standard hardware Fig. 3.4 • 178t18 

PICA 

Development hardware. Fig, 3.4* 19&20 

Hendllno 8t Positioning Aid 

Now (concept study) Fig. 3,4 • 21 8(22 

Fluid trsnsfsr system 

3^4 * 233(24 

Non'contnminoting ACS 

Now, Fig. 3.4 ■ 288(26 

RMS 

Existing, STS standard equipment Fig, 3.4* 278(28 

AFD controls & displays ~ RMS control 

Existing, STS standard hardware Fig, 3,4 • 298(30 

AFD controls — standard sot. checkout 

Now, Fig. 3.4.318(32 

AFD controls •” close proximity flight control 

Now, Fig. 3.4 • 338(34 

Free Flight Systems 


MMU 

Existing, STS standard hardware. Fig. 3,4 • 388(36 

MMUAWRU ~ end effector 

New, Fig. 3.4.378(38 

- stobilizor 

Now, Fig. 3.4.398(40 

™ peylood handling 

Now, Fig, 3.4.418(42 

— Proximity Ops Module 

Now, Fig. 3.4-438(44 

Proximity Ops Modulo — Manned Version 

Now, Fig. 3.4*488(46 

MTV 

Development hardware Fig, 3.4 • 478(48 

Proximity OPS Modulo — MTV Adoptetlon 

Now, Fig, 3,4 - 498(80 

VSS — delivery, retrieval, rendezvous & docking 

Now, (Concept Study) Fig. 3,4 • 5iaB2 

— end effector kit 

Now, Fig. 3.4 . 638(84 

debris capture kit 

Now, Fig, 3,4 - 858(86 

Optional 


Sun shield 

Now, Fig. 3,4.578(68 

Orbital storage 

Now, Flo. 3.4 . 898(00 

Attitude transfer package 

Now, Fig. 3.4*618(62 

Lighting onhoncemont 

Now, Fig. 3.4-638(64 

Advanced Capabilities 


Dexterous manlpulator/RMS 

New, Fig. 3.4 - 688(66 

Dexterous manlpulotor/HPA 

Now, Fig. 3.4.678(68 

Tools 


MMS hondllng tool 

Now, Fig. 3.4 • 698(70 

01B1‘049D 


R81.018t-057(T) 



Fi 0 , 3,3>2 Service Equipment Status 
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SERVICE EQUIPMENT REQUIREMENTS} Rotontlon Structure 

FUNCTION! Stowago of spacecraft In the Orbltor cargo bay during launch & earth return 


SUPPORT equipment 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide structural support and 

• Structural atlnchment fittingt to S/C 

• AFD controls & displays required 

mochonicol ottoclimont ol the 

retention structure or trunnions for 

for power, commend signals, date 

S/C to the Orbltor corflo bay 

Orbltor fittings 

and S/C release latches 

• Provide a standardUod satellite 
Interface to onoble power, 
command signals and doto 
from the S/C 

• Electrical power connection to S/C 
rotontlon structure or Orbltor os 
applicable 

• Commend & data signal Interface 


• Provide mechanism to roleosa 
and latch the 5/C to the 
S/C rotontlon structure at 
applicable 

to orbiter 


• Provide a backup manual 
release and latch to the S/C 
rotontlon mechanism! 
following roloBSO the 
mechanism should maintain 
the sotolllto In a "cogod" 
condition to enable RMS 
attachment for deployment 

• Provide AFD controls & 
displays for the S/C power, 
command signals, data and 
lotchlng mechanism 

1-0181-0S8(T) 


• EVA copob|||t|r.($ for 
manual reloose or lock 
of rotontlon iatchos 


Fig. 3.4<1 Rotontlon Structure Requirements 


INTEGRAL (n^ 



• INTEGRAL 

- BUILT INTO SATELLITE 

• PALLET MOUNTED (NOT SHOWN) 

- COMPATIBLE WITH SMALL 
SORTIE-TYPE PAYLOADS 


BBX.0181-059(T) 


Fig. 3.4-2 Retention Structures 
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SERVICE EQUIPMENT REQUIREMENTS} Spoclol Rotantlon Structum 
FUNCTION; To provide carflo bay stowaoo for Inaetlvo satellites & space debris 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CROW INTERFACES 

• Provide means of grappling 
Inaetlvo tatollltot (ottachmont 
of RMS grapple fixture) 

• Provide mounting and/or tie 
down support for the satellite 
In the Orbitor cargo bay. 
Mounting to motcli original 
launch vehicle Interface 

nB».oiei.ooo(T) 

oiat'Osto 

• None 

* Control of RMS end effector 

• Control of S/C & debris securing 
equipment 


R0> 3.4*3 Special Roton'.lon Structure Roqulromapts 



R81-0181.06KT) 

0101*077D 


Fig, 3.4-4 Concept for "Special" Retention Structure 


OlRlGiN/^l 
^ POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS! Equipment Stowsso - Un OrWt Support 

FUNCTION: Orbitor cargo boy stowago of now roplacomont S/C oquipmnnt for sorviolng 
rovisits and oarth return of usod S/C oquipmont 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREV/ INTERFACES 

• Provide structural support 

None 

Crow visibility & operation 

and mactionicfll attachment 


of oquipmont roloaso & stowage 

of S/C equipment In the 
Orbiter corgo bey 


actuotori via EVA 

• Provide mechanism to permit 
. EVA release 61 latching of 
the 8/C oquipmont 


' 


Roi.oiai-ocam 

0101.0B2D Pljj^ 3 4.5 Roqulremont* for Equipment Stowage • On Orbit Support 


/‘ N, 

I -V ) 


DEPLOYED 
POSITION OF 
CANISTER 


EXIST PIDA 

ACTUATION 

SYSTEM 


SHUTTLE 



REMOVE & REPLACE A 
MODULES WITH , ( I 

FORE & AFT OR I 


IM 01 AMC 

)i» I mw I I vm 


cargo 

DOOR 

OPEN 



DEPLOYED POSITION 
VP wrtNioi cn 

TELESCOPING 
ELEC SCREW JACK 


SHUTTLE 


SIDE SWING 


ELEVATOR 




018I'070D 


Fig, 3,4-6 Concepts for Equipment Stowage - On Orbit Support 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTSf Equipmant Stowapo - Earth Return 


FUNCTION! Orblter cargo bay stowage of equipment removod from debris • spacecraft for earth return 


SUPPORT CQUIPMSNI 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provido itructurol support and 

None 

Crow visibility & operation 

ipOchimlcal ottochment of 8/0 


of equipment stowege 

componorus to S/C (lloht 
support equipment In the 
cargo hoy 


actuators via EVA 

• Provide mechanism to permit 



EVA operation of equipment 
retention structures 




rt81>01D1.0C4(T) 


Fig. 3.4‘7 Roquiromonts for Equipment Stowage ' Earth Return 
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OF POOR QUAUiy 


SERVICE EQUIPMENT REQUIREMENTS! Tilt Toblo 


FUNCTION! To rototo spacecraft out ol, and Into the payload bay for doploymant, retrieval & positioning 
spacecraft for servicing 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

» Provid# support for spacacrMt In th# 
Orbiter cargo bay during launch, 
orbital oparatlons and landing 

e Standardized berthing Interface tnet 
Is compatible with the tilt table, 
This Includes mochan'.!Ol, electrical 
power, and signal In'arfecos 

• AFD control of tilt table 
positioning 

• Provide itanderdired latctiei for space- 
craft release and berthing operations 



• Provide standerdlaed signal and power 
Interfaces with the S/C 



a Rotate spacecraft •* 90’ out of the 
cargo bay and provide the capablliry 
of Intermediate positioning 



• Provide 360’ roll capability for S/C 
access 



e AFD controls & displays roc|ulrod 
for tilt table operation 



Rat-Oiai-OGG(T) 

01S1-314B 

Fig. 3.4-9 Tilt Table RGnuIrsmonts 



CRADLE A' 



R81.0181*007{T) 

0181«31SD 

Flo. 3.4-10 Tilt Table (MMS - FSS Adaptation) 



n 
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SERVICE EQUIPMENT REQUIREMENTS: Opon Chorry PIckor/RMS 

PUNCTION*. To transport EVA astronaut & oqulpmont, & provido a stable work platform for on’Orbit servicing 


SUPPORT EQUIPMENT 


• Provido a platform mounted on 
the end of the RMS to support en 
EVA crewmen 

• Provido a gropple fixture on the 
OOP thot Is compotiblo with the 
RMS snore end effector 

• Provido stowage for S/C 
equipment & tools 

• Provido ottachmont, far EMU 
boots on 0 rotating (360°) foot 
platform 

• Provide e payload handling 
device to support S/C replace* 
able components and permit 
astronaut oxhange of 
Components 


SPACECRAFT INTERFACES 


• Replocoablo components shall bo 
EVA compatible 


CREW INTERFACES 

• EMU support 

* S/C equipment & tools shall 
bo EVA compatible 

■ Controls St displays shall bo 
EVA compatible 


0 An articulating stabilizer attochod 
to the OCP base shall permit a rigid 
connection to bo established 
between the OCP and work 
structure. The free end of 
the stobilizor shall have a 
gropple to permit ottachmont 
to S/C or Orbitor hard points, 

« Hardline communications shall 
bo provided between the EVA 
OCP operator & AFD 

« Controls & displays shall bo 
provided on the OCP to permit 
EVA astronaut comrol of the 
stabilizer & RMS far manou 
voting end positioning the OCP 

e Lights shall be provided for 
work site illumination 

e Provide for OCP remote 
release and stowage in the 
Ofblter cargo bay 

• Provide Orbitor AFD soloction 
of control for OCP operator 
and control of OCP release 
& stowage 


Rai*0181-070(T) 

01S1.316D 

Fig, 3,4*1 1 Open Cherry Pickor/Romote Manipuic.ior System (OCP/RMS) Reqsilroments 
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OF POOR QUALITY 



R81.0iai.071(T) 

0181-317D 


Fig. 3.4"12 Open Chorry Picker Concept 





OF POOR 


PAOE B 
QUAUm 


SERVICE EQUIPMENT REQUIREMENTS; OCP/Tllt Tablo Work Platform 
FUNCTION; To provide a work platform for EVA servicing of tiit table mounted spacecraft 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide OOP/ EMU support restraint 
system; Include tools & equipment 
stowage provisions and work lights 

■ Provide occoss to spococroft by sup* 
porting the OCP with o boom tho*. 
permits 1 to 3m variation In 
rodlnl position from tho tilt table 
center, and aojusteblo vorticol 
position from tho S/C to tilt table 
interface up to 10m 

Nono 

• EMU support on work plotform 

• Controls & displays required to 
position OCP 

• Tool & equipment stowage 

• OCP deployment oporotlons 

• Provide controls Si displays to per- 
mit the EVA estroworkor to adjust 
tho position of tho OCP to tho 
work sito. Tho OCP shell move 
with tho tilt table 



• Provide stowogo for tho OCP on 
tho tilt toblo Si mochonism for 
outomotic deployment 




n01>0101.QC8(T) 

01B1.0B4D 


Fig. 3.4*13 Requirements for OCP/Tllt Table Work Platform 


LAND SAT 



BOOM 


n81-O10l-OG9(T) 

Fig. 3.4-14 Concept for Open Cherry Picker-Tilt Tablo Work Platform 
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SERVICE EQUIPMENT REQUIREMENTS: Manipulator Foot Rostralnt/RMS 

FUNCTION: To transport EVA astronaut & provide a stable work platform for backup situations In the 
payload bay 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

# 

Provlilo 0 platform mounted on 

• Roplocooblo equipment shall bo 

• EMU support 


the end of the RMS to support an 
EVA crewman 

E^'A compatible 

• S/C equipment & tools shall bo 




EVA compatible 

• 

Provide a oropple fixture on the 
MFR that is compatible with the 
RMS snare end effector 



• 

Provide stowooo for tools 



• 

Provide attachment for EMU boots 
on a rotating <360®) foot platform 



• 

Provide for MFR remote roloaso 
Bt stowage In the Orbitor cargo 
boy 



0 

Provide Orbt r AFD control of 
MFR roloaso & stowago 




R81-01B1-072(T) 

Fig. 3,4-15 Manipulator Foot Rostraint/Romoto Manipulator System (MFR/RMS) Roquiromonts 



R8l-0181.073(T) 

Fig. 3.4-16 Manipulator Foot Restraint Concept 
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OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: Spin Table 


FUNCTION: To spln*up spacecraft and Impart separation n V 




SUPPORT EQUIPMENT 


SPACECRAFT INTERFACES 


Provido support for spacocraft 
In tho Orbitor cargo bay during 
launch and orbital oporatlons 


None 




CREW INTERFACES 


AFD control of spin table 
oporatlons 


• Provido rotontlon/roloaso 
mochanism for SRM/paylood 
soporotlon from tho Orbitor, 

• Provido signal and power 
Interfaces to tho SRM/paylood 

• Rotate spacecraft 00“ out of 
tho cargo bay if required 
(rof PAMAj 

• Provido separation of up 
to 6 ft/sec 

• AFD controls & displays 
required for spin table 
oporutlon/paylood release 

RBl.0181t074(T) 

oiai'SzOD 

Fig. 3.4-17 Spin Tabio Roquiromonts 



R8X-0181-075(T) 

Fig. 3.4-18 Spin Table — PAM A, PAM D Solid Rocket Stage Adaptations 
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OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: Payload Initallotioii oikI Doploymont Aid 


FUNCTION,' To movo larflOj hoavy payloads out of and Into tlio Orbitor oaroo bay 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• 

Accommodoio doploymont & 
stowoflo of poylnodi up to 4.0 m 
dio K 18.3 m tong & 289 kN 

• Passive docking Imorfaces to 
naito with PIDA 

• Operate PIDA controls In AFD 

• 

Movu payloads without oxcoeding 
corgo bay 7G mm (3,0 Inch) 
clonronco onvolopo 



• 

Design to stow undor closod 
doors with lorgo payload In 
cargo bay 



• 

Provido moans of positioning 
PIDA to doploy and rocolvo 
paylood 



# 

Provido lino of sight rolooso 8( 
docking mochonism outsido of 
cargo boy 



9 

Provide energy absorption at 
docking Intorfoco 



• 

AFD displays and controls 
roquirod for payload release 
and capture 




R81-0101-076(T) 

01B1-322D 

Fig, 3.4-19 Roquiroinonts for Payload Installation and Doploymont Aid (PIDA) 


AFTPIDA ASSY 



R01-0181.077(T) 

0181-323D 


Fig. 3.4-20 Concept for Payload Installation and Doploymont Aid (PIDA) 


SERVICE EQUIPMENT REQUIREMENTS: Handling 8< Positioning Aid 
FUNCTION: To provkio n stonclnrd fixture to support S/C during oivorbit servicing 


SUPPORT CQUIPMENT 


• Provido n stondord structurol • 

ottnchmont (HPA) of S/C 

during orbital sorvicing that 
is complutuly cluor of tha 
cargo bay 

• Provide a standard location 
In tiro Orbitor cargo bay for 
tho HPA 


SPACECRAFT INTERFACES 


Standardized berthing Inturfaco 
coniputiblo with tha HPA, This 
Includes mechanical, olectricol power, 
signal and fluid interfaces 


CREVH INTERFACES 


• APD controls 8i displays 
required for meneuvorhrg tho 
HPA & positioning work 
plntform 

• EMU support on work 
plotfori): 


• Providu moans of rotating and 
tilting tho S/C to fncilltato ac' 
cuss and doploymont of S/C 
nppondagos 

• Provido R stondard umbilical 
for power, comnund signals 
to, ond dato from tho S/C 

• Provido 0 standard fluid 
connector Imorfaco to 
unabiu S/C rofuoling 

• Provido tho nctivQ half of a , 
S/C berthing muchanism 

• Provido 0 moclionlsm to Import 
saporotion velocity of nt least 

1 ft/suc to spacucraft 

• Provido on extondablo boom 
mountod on tho HPA with 
on OCP ond work platform 
for EVA crow servicing 
o|)erations 

• Provido for transfer of attitude 
& stoto vector Information to 
S/C prior to doploymont 

• Provido 0 spin toblo cnpoblo of 
lounching sotollltos 

• Provido AFD controls Sc 
displays required for 
maneuvering the HPA and 
positioning the work 
platform 


R01.Qiai,000(T) 


Fig. 3.4-21 Handling & Positioning Aid (HPA) Roquiroments 




SERVICE EQUIPMENT REQUIREMENTS: Fluid Tranifor Syitom 

FUNCTIONi To provide for tlio roplonishmont of S/C propulsion propellants 
expendables 


SUPPORT 


• Provide oqulpmunt • 

to romotaly roplotilsli 

S/C propulsion and 

fluid subsystoms • 

• Provide a standard fluid 
connector to Interfoce 
witit the HPA to enable 
fluid transfer to the 
HPA- spacecraft 
Interface, 


SPACECRAFT INTERFACES 


Provide mating connections (or fluid 
replenishment compatible with HPA 

Provide redundant shutoff valves 
to Isolate fluid connections 


• Provide fluid storage 
tankls) In the Orbttor 
cargo boy, a moons of 
mating fluid connections 
to the HPA & a pressure 
source to effect fluid 
transfer 


• All connections to the 
HPA, to effect fluid 
transfer, shall bo made/ 
ehocked-out on the 
ground prior to launch 

• Design fluid transfer 
system to accommodate! 

~ Hypergollc propellants 

- Fluids: xenon, propane, 
carbon dioxide, argon 


•« Solid cryogenic: 
methane ammonia, 
noon, nitrogen, 
helium, carbon 
dioxide 


and satullito fluid 


CREW INTERFACES 


• Control of propellant 
transfer operation 


R81*01B1-OB2|T) 


Fig, 3.4'23 Fluid Transfer System Requirements 





SERVICE EQUIPMENT REQUIREMENTS} Non-contamlnotino ACS^ 

FUNCTIONS To provide Orbltor attitude control when RCS operation would be detrimental to 
contamlnatloivsonsitivo S/C 


SUPPORT EQUIPMENT SPACECRAFT INTERFACES 


• Provlciu cargo bay mountod Nona • 

ottitudo control syitom that 
utilize} minimum cargo boy length 


CREW INTERFACES 


Activoto nomcontamlnatlon 
ACS 


• Design approach shall not 
contaminate S/C during 

servicing or retrieval oper* i 

atloni I 

• Dead band design point lO.Of/axIs 
& 0 stability rate of ± 0.01®/soc/axls 

• The control system shall stabilize 
the Orbiter for 5 hr/misslon 

• Provide controls to deploy and 
activate ACS os oppllcoblo 

O101-OS7D 

ROX-01B1-OB4(T) 


Fig. 3.4-2B Roquiromonti for Non*Contaminatlng ACS 


DEPLOYED COLD GAS 
THRUSTERS/N 2 PROPELLANT 



• PRECISION LONG DURATION CONTROL WITH MINIMUM PLUME 
IMPINGEMENT EFFECTS & NO CONTAMINATION 

0181>082D 

R81-0X81-08SIT) 


Fig. 3.4*26 Concept for Non*Contamlnatlng Attitude Control System 


ORIGINAU PAGE Ib 
OF POOR QUALITY, 


SERVICE EQUIPMENT REQUIREMENTS: Remoto Manipulator Sytt«m 


FUNCTION: To tlaploy spacecraft from the cargo bay, rotrlova free flyinii spacecraft, then berth them on 
support structure 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

# 

Provide meani of grosplng S/C 
located anywhere in the 
Orbiter cargo bey 

• Provide mounting for a grepple fixture 
locoted close to the S/C center of 
gravity 

• Operation of the RMS controls 
In the AFD 


Remove S/C up to 05,000 lb from 
the eorgo bey end orient them for 
reloeto 



• 

Provide moans of Imparting a 
leporatlon velocity to S/C and 
roiesilng them on commond 



m 

Grapple free flying S/C up to 
32,000 lb end manuever them to 
a berthing fixture In the cergo 
bey 



il 

Provide 0 standardised snare end 
effector for grappling operations 



« 

Provide controls & display?: 
cargo boy visibility to permit APD 
crow oporotlon of the RMS 



• 

Provide structural support for the 
RMS during Qfbltar launch and 
landing and when not In use 
during orbital operations 




R01‘01B1.078(T) 


Flfl. 3,4-27 Remote Manipulator System Roquiromonts 



R81.01BX-079(T) 

Fig. 3.4-28 Remote Manipulator System (RMS) 
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SERVICE equipment REQUIREMENTS} AFD Controli/Dllpliiy* » RMS Control 


FUNCTION! To provide controls and displays required for RMS operation 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• 

Provide iwitchfls to activate RMS 

None 

• Operation of the RMS from the 
Orbiter AFD 


Provide hand controlleri for RMS 
tt)tn9latlon end attitude excurtloni 



• 

Provide direct, "out the window" 
view of the corao bey area for the 
RMS oporotort 



• 

Provide CCTV for RMS operetlon 
when direct view obicured 



t 

Provide RMS tip poiltlonel 
Information 



t 

Provide C & W to elort the 
oporotor to conditloni thot 
could domago the RMS 



• 

Provide different control mode 
referonm (eg, corgo bay, end 
effector) to asiUt operotor In 
monouvoring RMS 



t 

Provide ctmtroli to operate 
Comoro, tight), end mare end 
effector 




0181*3260 

Rai*oioi*o6C(T) 

Fig, 3,4-29 Roqulroirionti for AFD Controls/OUplays — RMS Control 



4 




0RlQir4AL PAQti B 

OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS! AFD Controli/DRpIayi - Stondordliod Sotalllto Checkout 
FUNCTION; To provide standardized checkout of spacecraft prior to deployment 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide a iwnderdlzed AFD 
control console to checkout 
spacecraft prior to deployment 

• Accept Interrogation slgnols & provide 
response 

• Operation ol controls & Inter- 
pretation of data 

• Provide appropriate displays to 
verify spececroft status 



• Provide controls/dlsplays to de> 
ploy spacecraft from the HPA 




ROX.O101*OBB(TJ 

Fig, 3.4-31 Raquiromenti for AFD Controli/D|splay$ — Standardized Sotolllto Checkout 


RMS CONTROLS 
& DISPLAYS 



RB1.01B1-000(T) 


I Fig. 3,4>3Jl Potential Locations of Aft Flight Dock (AFD) Standardized 
Satellite Checkout Control Panel 
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SERVICE EQUIPMENT REQUIREMENTS: AFD Controls/Displays - Close Proximity Flight Control 
FUNCTION: To provide AFD controls & displays for flight control of spacecraft In close proximity to the Orbiter 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

<3REW INTERFACES 

• Provicio 0 control pnnot to be 
used for close proximity flight 
control of free flying space- 
craft to bring them within the 
RMS roach distance for capture 

• Accopt control signals & provide S/C 
positional data 

Operation of controls & Interpret- 
ation of displayed data 

• Provide spacecraft position, 
rango & range rete displays 



• Provide controllers for rotation 
& translation control of tho 
spacecraft 




0181-0590 

R81-O181-090(T) 


Fig, 3.4-33 Requirements for AFD Controls/Dispiays - Close Proximity Flight Control 


RMS CONTROLS 
& DISPLAYS 



0181-0830 

R81-0181-091(T) 


•Fig. 3.4-34 Potential Locations of Aft Flight Deck (AFD) Clos'’ Proximity Flight Control Panel 
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SERVICE EQUIPMENT REQUIREMENTS: Manned Maneuvering Unit (MMU) 
FUNCTION: Free flyer to transport one EVA crow & equipment to worksite 


SUPPORT EQUIPMENT 


• Provide a self contained propulsion 
unit that ettochos to an astronaut 


• Provide cold gas propulsion to permit 
rotation & translation In any direction 


• MMU hover capability shall bo provided 


• Provide hand controllers, one for 
rotation the other tor translation, con* 
ventent for use during EVA 

• A clear work zone must bo provided 
In front of the astronaut 

« Provide attachment interface 
fora Work Restraint Unit (WRU) 

• Support structure & associated release 
mechanism shell be provided for the 
MMU In the Orbitor cargo bay 

• An MMU rechargo/roplonishmont 
station is required in the cargo boy 


SPACECRAFT INTERFACES 


• Replaceable components shall bo 
compatible with EMU/EVA 
operations 


CREW INTERFACES 


• Operation of MMU controls during 
maneuvers 


RB1-0101»092(T) ' 

0101>328D 

Fig. 3.4>35 Manned Maneuvering Unit (MMU) Requireirtents 
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QJliGIMAl, PAGE IS 

OF POOH QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU - End Effector Adaptation 

FUNCTION: To grapple and deploy spacecraft with the MMU/WRU during RMS - Inoperative situations 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Proyldo o snore end effector 
mounted on an oxtondoble boom 

• Attoch the ond-offoctor ossombly 
to the WRU In front of the crew- 
men, convenient to llno-of-slgtit . 

• Provide lighting, alignment & 
distance cues for the oporotor 

• Provide EVA compatible Controls 
& Disploys for operation of the 
snare end effector/boom 

• Make provisions for MMU/WRU 
stowage In the payload bay 

• Install on RMS compatible gropplo 
fixture, at the S/C eg, accessible to 
on end effector 

• Oporotlon of MMU flight controls 

• Oporotlon of snore end effector/ 
boom 


R8 1-0 18 1-094 (T) 

0181.060D 

Fig. 3.4-37 Requirements for MMU/WRU — End Effector Adaptation 



01B1-084D 


Fig. 3.4-38 Concept for MMU/WRU — End Effector Adaptation 
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ORIGINAL PAGE IS 
OF OUAUTY 


SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU - Stobillzor Adaptation 


FUNCTION: To stoblllzo tho MMU/WRU at a worksite to backup mochunioal hangup situations 
with tho RMS Inoperative, and to support manual rolooso of satellite appendages 


SUPPORT EQUIPMENT 


• Provide a stnblllzor on the VVRU • 
to oUQch to tho worksite 

• Provide clompInQ jews on the end 
of tho stahilizor for worksite 
ettachment 


SPACECRAFT INTERFACES 


CREW INTERFACES 


Stnblllzor ettochmont point 


Operation of MMU flight controls 


• Opurotlon of stabilizer 


• Provide 0 moons of rloldlzlno 
end doriqldlzing tho stabilizer 

• Locnto the stobillzor within 
WRU oporotor rooch lor 
ottochmont to tho worksite 

• Tho staUUIzor should bo opprox* 
Imotoly 5 ft long nnd portnlt 
MMU/WRU relocation within a 
somisphoro doscrlbod about tho 
stobillzor ottochmont point 


• EVA compatiblo controls to 
oporoto stobillzor jaws ond rig- 
idizo/dorigidizo 

• Maku provisions for MMU/WRU 
stowuQO In tho payload boy 


R8X.0181-09G(T) 


Fig. 3.4-39 Roqiilromonts for MMU/WRU-StabIlizer Adaptation 



t 

Fig. 3.4-40 Concept for MMU/WRU Stablllzor Adaptation 


ORIGINAL PAGE IS 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: MMU/WRU - Payload Handling Adaptation 

FUNCTION: To enable the MMU/WRU to transport S/C equipment for servicing during RMS inoperative situations. 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide 0 poylond hondllna 
dovico on the MMU/WRU 

• The poyioad handling dovico 
shall bo capoblo of transporting 
S/C roplacoable equipment 
such 05 MMS modules 

• Controls for operating the 
poyioad handling device 
sholl bo EVA compatible 

• Make provisions for MMU/WRU 
stowage In the payload boy 

None 

• Operation of MMU flight controls 

• Operation of the payload hondling 
dovico 


0181.062D 

RBi-oiBi-oeaiT) Fjg. 3 , 4.41 Roquiromonts for MMU/WRU — Payload Handling Adaptation 



Rai.018X’099(T) 

0181-329D 


Fig. 3.4-42 Concept for MMU/WRU - Payload Handling Adaptation 
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OmGfNAL page fs 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS; Proxlinity Oporatlons Modulo (POM) • MMU/WRU Adaptation 


FUNCTION; Manned retrieval of MMS-typo satellites at 1000 ft separation from Orbiter 


SUPPORT EQUIPMENT 


• Provide a Work Restraint Unit IWRU) 
compatible with the MMU that will 
enable retrieval of satellites wolQhlng 
about 5000 lb 


SPACECRAFT INTERFACES 


Provide on RMS • compatible 
grapple fixture mounted as close 
as proctical to the S/C eg 


• f>rovldo on MMU mechanical attachment 
to the WRU 


CREW INTERFACES 


Oporotlon of MMU flight 
controls 

Controls and displays for 
snore/boom operation 


• Mount to the WRU on RMS snore end* 
offector/oxtendablo boom thot extends 
an adequate distonce to permit grappling 
and towing of o S/C 

• Provide a rototlng pivot at the snore 
ond'offoctor/extondable boom 
Interface to enoblo the S/C eg to 
align Itself with the POM's thruster 
oxis/tow force vector 

• Provide a hovor/fly-around capability 
to enoblo Inspection of the sotolllto 
prior to capture 

• Provide crow visibility to maneuver 
and attach the snore end-effector to 
the S/C's groppio fixture 

• Provide lighting and snare alignment 
cues for the operotor 

• Provide a rotating foot restraint 
plotform on the WRU with two 
locking positions; one aligned with 
the snare ond-offoctor/boom and the 
other at 180“ to enable towing of a S/C 

• Provide EVA-compatible controls on 
the WRU for operation of the snare 
ond-offoctor/boom and rotating foot 
restraint plotform 

• Moke provisions for POM storage In 
the payload bay 



R81-0181.101(T) 

Fifl, 3.4-44 Concept for Proximity Operations Module — 
MMu/wRU Adaptation 


RBi-oiaa-ioofT) I 

Fig. 3.4-43 Requirements for Proximity Operations 
Module - MMU/WRU Adaptation 
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SERVICE EQUIPMENT REQUIREMENTS: Proximity Oporatlons Modulo (POM) ■ Manned Version 
FUNCTION: Manned retrieval of laroo, heavy satellites at 1000 ft separation from Orbltcr 


SUPPORT EQUIPMENT 


• Provide a monned vehicle thot 
will retrieve sotollltas welching 
up to 32,000 lb 

• Provide o cold gos propulsion 
system to permit rototlonol/ 
trenslotlonol maneuvers In ony 
direction 

• Locate thrusters to minimize 
plume Impingement on the 
satellite 

• Provide on RMS snare end* 
effoctor/oxtendoble boom thot 
extends an odequoto distance 
to permit grappling and towing 
of a S/C 

• Provide a hover/fly-around capa- 
bility to enable inspection of the 
satet'llto prior to capture 

• Provide crew visibility to maneuver 
and attach the snare end-effector 
to the S/G's grapplD fixture 

• Provide lighting and alignment 
cues for the operator 

• Provide a rotating foot restraint 
platform on the vehicle with two 
locking positions: one aligned 
with the snare end-effoctor/boom 
and the other at 180° to enable 
towing of a S/C 

• Provide EVA-compatlblo con- 
trols for flying the vehicle, 
operating the snore end-effector/ 
boom, and rotating foot restraint 
platform 

• Mount a grapple fixture on the 
vehicle to enable deployment 
and retrieval by the RMS 

• Make provisions for storing the 
vehicle In the payload bay 


RB1-0181-102(T) 

Fig. 3.4-45 Requirements for Proximity Operations 
Module — Manned Version 


SPACECRAFT INTERFACES 


Provide an RMS-compatlblo grapple 
fixture mounted os close os practical 
to the S/C eg 


CREW INTERFACES 


Controls displays associated 
with POM hwum & snore operation 



R8X.0181-103(T) 

Fig. 3.4-46 Concept for Proximity Operations Module — Manned Version 


3-XlO 


original pags is 

OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: Manouvoroblo To|ov|»|on (MTV) 


FUNCTION: Visual romoto oxomination of sntollltos 


SUPPORT equipment 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• 

Provide rotnoto TV Inspoctlon 
copablllty of up to 1 mllo dittanco 
from tho Orbltor 

None 

• Controls & disploys for MTV 
oporotlon provided In tho 
Orbltor AFD 

• 

Provido Controls & disploys In tho 
Orbltor AFD for crow oporotlon of 
tho MTV 



• 

Provido a color TV system with 
closo-ln zoom copoblllty 



• 

Provide MTV coniumoblos {power & 
propellent) to permit >3 hr oporotlon 



• 

A nop contamlnotinQ propulsion 
subsystem shell bo provided 



• 

Provido 0 grapple fixture on 
the MTV to onoblo doploymont 
end rotrlovol by the RMS 



• 

An MTV rochorgo/roplonlsh 
station Is required In tho corgo 
bay for orbital servicing 




R81.0181-106(T) 


Fig. 3.4”47 Manouvorablo Tolovision Roquiromonts 



Fig. 3.4-48 Maneuvorable Tolovision Concept 




ORIGINAL PAGE IS 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS! Proximity Oporntlons Modulo (POM) . MTV Adaptation 
FUNCTION! Unmanned rotrloval of satollitos at 1000 ft separation from Orbiter 


SUPPORT EQUIPMENT 


• Provido an unmonnad vohicio, • 
which Is on oxtonslon of tho MTV, 
to rotrlovo satollltos wolghlng up 
to 32,000 lb 


SPACECRAFT INTERFACES 


Provide an RMS • compotiblo gropplo 
fixturo mounted as close os ptocticol 
to tho S/C 00 


• Provido a cold oos propulsion 
system to permit rototlonol/tronS" 
lotlonot maneuvers In ony diroc* 
tion 


CREW INTERFACES 


• Orbiter AFD controls & displays 
for POM fHoht control/oporotlon 
(crow flys POM to RMS roochl 

• Controls fir displays for inare/boom 
oporotlons 


• Locate thrusters to minimize 
plume Implnoomonton tho 
satellite 

• Provide on RMS snore ond-effoc* 
tor/oxtondoblo boom thol extends 
on odoquoto distance to permit 
oroppllng ond towing of o S/C 

• Provido 0 hoyer/flyoround copo* 
blllty to enable TV Inspection of 
tho sotollite prior to copturo 

• Provido TV visibility to monouvor 
ond ottoch tho snore ond*etfoctor 
to thsS/C's grapple fixture 

• Provido lighting ond alignment 
cues (or tho remote oporotor In 
tho AFD 

• Provido controls/dlsplays In tho 
AFD for crow operation of the 
POM 


• nETdlDVALOrSATDLUTESWITniNlPOO’OFOIlOITBn 

• n,IOI)T CONTHOU VIA CHEW IN ORUITEIt AFD 



EXTENDADLE OOOM 

WITH RMS SNARE END EFFECTOR 


ROl.OlOl.JOB(T) 

Fig. 3.4*60 Concopt for Proximity Oporations Modulo -» MTV Adaptation 


• Moke provisions for POM stowogo 
In tho paylood bay 

F»01*0181*104(T) 


Fig. 3.4*49 Roquiroments for Proximity 

Operations Modulo — MTV Adaptation 
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PAGS IQ 

quality 


SERVICE EQUIPMENT REQUIREMENTS: Vorsatllo Sorvico Stago (VSS) - Dollvary/Rotrloval 
FUNCTION: To transport and rotrlovo satallltos from high energy orbits not directly accessible by the Orbitor 


SUPPORT EQUIPMENT 


• VSS dotlgnod for minimum cargo 
bay length 

• Compatibility with standard HPA 
Interface for deployment, check- 
out, & refueling 

• Saflnjg prior to Orbitor capture 
and stowage 

• Provide grapple fixture for RMS 
deployment, rotrlovat & berth- 
ing 

• Delivery or return S/C With 
masses about 3000 kg 

• RondorVous with cooperative 
S/C in high energy LEO orbits 
up to 2000 km 

• Provide i V visibility to remote- 
ly control VSS docking to S/C 

• Mechanism for docking & re- 
leasing spacecraft 

• Rendezvous with Orbitor within 
1000 ft 

• Provide a clean burning propulsion 
system for closo-ln satolllto re- 
trieval and Orbitor close proximity 
operations 

• Provisions for stowing the VSS In 
payload bay 

RB1-01B1-108|T) 


Fig. 3.4-51 Requirements for VSS Delivery/Retrloval 


SPACECRAFT IMTER FACES 


• Compatible mechanism to Interface 
with VSS docking mechanism 

• Provide for satolllto S&C deactiva- 
tion at VSS docking 


CREW INTERFACES 


t c&D panel In AFD to support 
VSS! 

checkout 

— remote control of docking/ 
undocking to satellite 

— close proximity flight control 
of VSS In preparation for 
RMS capture 

— refueling 

Aliuffiate 

• Flight control of VSS from the 
ground 



UNDER^ 

STUDY^ 



RMS CAPTURE 



R81.0iai.lO9(T) 


Fig. 3.4-52 Concept for VSS Delivery/RoirloVal 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS; Vorsatllo Sorvico Stage (VSS) - End Effector Kit 
FUNCTION; To copturu & stabilize in unstable satellite for docking with the VSS 


SUPPORT EQUIPMENT 


• Provldo a kit with a ttiare end 
offoctor mounted on>an extend- 
able boom 

• End offontor kit shall Interface 
with VSS 

• Provldo TV visibility & Ilium- 
Inotlon for remote control of 
synchronization maneuvers 
and grappling operations 


SPACECRAFT INTERFACES 


• Provldo an RMS compatible 
grapple fixture, at the 8/C eg, 
occessiblo to o groppler 


R 81 - 0 l 81 -n 0 {T) 


CREW INTERFACES 


• Maneuvor/control VSS to 
synchronize with satellite 
motion 

• Operate boom & snare 
end offoctor 

• TV display of flight operations 

Alternate 

• Flight control of VSS fr>m 
the ground 


Fig. 3,4-53 Requirements for VSS — End Effector Kit 




RMS END 
EFFECTOR 








R(ll-0101-m(T) 

Fig. 3.4-54 Concept for VSS With End Effector Kit 
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OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS! Vorwtllo Sorvico Stago (VSS) - Dobrii Copturo Kit 


FUNCTION! To capture fk secure space debris to the VSS for doorblt or return to Orbitor 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide two "crob-llke" ortni 
(dextsroui msnlpuiotC''i) with 
end offaetori to tolie debris 

• Provide bumper stops to onoblo 
arms to "cInch-up" debris 

• Mount arms ori o rotating base 
110 RPM max) for synchroni- 
zation with tumbling satolllto 

• Provide rotating base with de- 
spin capability relative to VSS 

a Debris capture kit shall Inter- 
face with VSS 

• Provide TV visibility & Illu- 
mination for remote control 
of synchronization maneuvers 
and copturo operations 

RBl-0101-n2|T) 

None 

• Maneuver/control VSS to syn- 
chronize with satolllto motion 

• Operate monlpulators to seize 
space debris 

• TV display of flight operations 

Altornoto 

0 Flight control of VSS from the 
ground 


Flfl. 3.4-65 Roquiromonts for VSS — DobrI* Copturo Kit 




R81-01B1-U3(T) 


Fig. 3,4-56 VSS Debris Capture Concept 
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ORIGINAL PAGE \B 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS} Sun Shield 


PUNCTIONi To provide sun implngomont protection for payloads with cargo bay doors open 


SUPPORT EQUIPMENT SPACECRAPT INTERFACES 


• Provide 0 wn Jhiold to cover None 

poyloedt Irt the corgo bey when 

the doors ore open 

• Moclionhm shell bo provided to 
octivato tho shield es the payload 
bay doors open, ond to open tho 
shield for paylood doploypiont 

• Shell be of modislor design to 
provide for various length iot« 
ollltos 

• Provide controls (k displays to 
remotely oporoto tho thermol 
shield from tho AFD 

Rei*oiai»n4(T) 

Fig, 3,4'57 Sun Shiold Roquiremonts 


CREW INTERFACES 
• Operate thermol shield controls 



Fig. 3.4-58 Sun Shield Concept 
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service equipment REQUIREMENTS! Orbital Storngo 


FUNCTION: To provide o thormot enclosure for a spacecraft placed In orbital storago 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide on oncloiure th Jt complot* 
ely covers the ipocecrelt for 
thermal protection 

• Provide oddltlonol gropp'o 
fixture for latelllles morti 
than 16 ft In length 

9 Initoll thermal oncloiure by 
remote RMS operations ond/ 
or EVA support os required 

• Provide occesi to a crapplo fix- 
ture for deployment & retrieval 



• Provide for eravlty oradlent 
siobllbotlon upon plocemont 
of soR'Itlto In orbital storage 



• Modularize design to 
occomodoto vorying length 
sotellltes 

0101-07QD 




Rei«010l-U0{T) 

Flo, 3.4«89 Orbital Storage Roqulromonrs 


RMS SNARE END THERMAL ENCLOSURE 



, 0181*0890 
RS1*0181‘117(T) 

Fig. 3.4-60 Orbital Storage Concept 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


SERVICE EQUIPMENT REQUIREMENTS: Attitude Transfer Package 


FUNCTION: To provide Improved attitudo/stato vector Information to payloads 


SUPPORT EOUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

» Provide moons for accurately 

None 

• Control alignment measuring 

transferring attitude roforonco 


equipment deployment & 

data from the Orbitor Nov- 


transfer Information to pay- 

base to payloads In the pay- 
load bay 


loads 

« The goal Is to Improve the 



present misalignment error 
of ±2“ to ±0.2^ 




0181-071D 


Fig, 3.4-61 Attitude Transfer Package Requirements 



ALONG LENGTH 
OF CARGO BAY 

0181-090D 

R81-01B1-1X9(T) 


OPTIONAL TRANSFER 
DIRECTLY TO PALLET 
INSTRUMENT 


Fig. 3.4-62 Optical Attitude Transfer System Concept 


OP Pnno 

POOR quality 


SERVICE EQUIPMENT REQUIREMENTS; Uohtlno Enhnncomont 
FUNCTION! To dnhonco existing cargo bay Illumination during orbital operations 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide moons of onhonclng 
Illumination In the vicinity of 
the corgo boy 

None 

• Hotmot-mountod light oug- 
mentation 

• Additlonul lighting is required 
In & abova the corgo boy for 
EVA oporotlons during dork 
side orbital posses 



0101-072D 




RB1.0101*120(T) 

Flo, 3.4-63 Lighting Enhancomont Roquiremonts 




LIGHT-ADAPTING VISION SYSTEM 

AMPLIFICATION OR ATTENUATION 
OF VIEWED SCENE VIA Ml LITARY 
NIGHT VISION GOGGLE/SCOPE 
TECHNOLOGY 


0181-0910 

R81-0181.121(T) 

Fig. 3.4-64 Concepts for Lighting Enhancomont for EVA Oporations 
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OF POOR QUAUTY 

SERVICE EQUIPMENT REQUIREMENTS; Doxtorous Manipulator - RMS Adopt«;don 
FUNCTION; To provide capability for remote servicing operations with the RMS 

SUPPORT EQUIPMENT SPACECRAFT INTERFACES CREW INTERFACES 

• Provide e oonoral purpose end • Spacooroft equipment requiring removal • Master controller operation & 

effector for the RMS & replocomont shell bo designed for TV displays 

eosy access & fastening compatible 

• The end effector shall have two with dexterous manipulator end 

dexterous manipulator orms effectors 

and provide force feedback 

• Equipment occoss & fastenings 

• Provide stereo TV, lighting, shall also bo EVA compatible for 

payload stowogo provisions, backup operations 

and mechonical stabilizotlon 

• Provide master controllers 

& TV displays for AFD oporo* 
tlon of the manipulators 

• Provide dexterity to oporoto 
equipment release mechanisms 
a removo/roplaco equipment 

R81.0iei-122(T) 

Fig. 3.4<'65 Roquiromonts for Dexterous Manipulator • RMS Adaptation 


MASTER CONTROL IN AFD 



R81*0181-123(T) 

Fig. 3.4-66 Concept for Dexterous Manipulator — RMS Adaptation 
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SERVICE EQUIPMENT REQUIREMENTS: Daxtorous Manipulator - HPA Adaptation 


FUNCTION! To provide capability for romoto servicing operations with the RMS 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide a gonernl purpose end 
effector compatible with the HPA 
worh olotform 

• The end effector sholl hove 
two dexterous monipulotor 
orms with the capability of 
duplicating humon arms and 
provide force feedback 

• Provide stereo TV, lighting, 
payload stowage provisions, 
end mechanical stabilization 

• Spacecraft equipment requiring 
removal & replacement shall bo 
designed for easy access 

& fostonlng compatible with 
dexterous manipulator end 
effectors 

• Equipment occoss a fostenlngs shall 
also be EVA compatible for backup 
oporotlons 

• Master controller operation 
a TV displays 

• Provide master controller 
& TV disploys for AFD 
operation of the monipulators 



• Provide dexterity to operote 
equipment roleose mechanisms 
& removo/roploco equipment 



R01-0181-12-KT) 




Fig. 3.4-67 Roquiromonts for Dexterous Manipulator • HPA Adaptation 



0181-093D 

Fig. 3.4-68 Concept for Dexterous Manipulator — HPA Adaptation 


-V121/122 



OJRIGl^\!AL i-n 
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SERVICE EQUIPMENT REQUIREMENTS: MMS Modulo Handling Tool 
FUNCTION: To facilitate EVA crow handling of MMS subsystem modules 


SUPPORT EQUIPMENT 

SPACECRAFT INTERFACES 

CREW INTERFACES 

• Provide 0 monually operated ac* 
tuotor to Interface with tho MMS 
modulo attochmont screws 

• Standard attachment screws 

• Operate tho tool during EVA re- 
placement of modules 

• Provide tool Interface with the 
OOP payload handling device 



• Provide hand grips for EVA 
handling of tool 



R81*0X8X.126(T) 




Fig. 3.4*69 Requirements for MMS Handling Tool 


TORQUE 



3-123 




3.5 SERVICB REQUIRKMKNTS/ EQUIPMENT SUMMARY 
3.5.1 Sovylco Equipnicmt Status 

A summary of the status of the service equipment identified within the 180 on*-orbit 
operations scenarios (initial launch, revisit, and earth return) that were considered in 
the study is shown in Figure 3.5-1. A total of 27 items of service equipment could sat- 
isfy all of the equipment needs of the scenarios considered. Of the twenty-seven equip- 


ments identified, their status is as follows; 

Existing 6 

Under Development or Study 5 

Modifications 3 

Now 12 * 

Unique 1 

Total 27 


♦Four of the 12 are optional. 

For the equipment identified in Figure 3.5-1, those with connecting lines refer to 
equipment needs which could be satisfied by single units of service hardware adapted 
with appropriate kits to perform the needed service functions. 

3.5.2 Crew Interaction 

Orbiter crew interactions involve remote control functions from the aft flight deck 
and performance/ control of service operations during EVA. 

Aft flight deck crew involvements are; 

« Control of Service Equipment Operations as those associated with the RMS, HPA, 
FSS Tilt Table, and Retention Structure Latches 

• Close Proximity Flight Control of the MTV, Proximity Operations Module-MTV 
Adaptation, and Versatile Service Stage 

• Satellite Activation and Checkout which could involve providing power to the 
satellite, transferring attitude and state vector information, and a minimal 
(TBD. . .standardized) checkout of status/health prior to deployment. 
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CD CD 


SUPPORT STRUCTURE 

EXISTS 

UNDER 
DEV OR 
STUDY 

MODIF 

NEW 

UNIQUE 

• RETENTION STRUCTURES 

• special RETENTION STRUCTURE 
ON-ORBIT EQUIPMENT 

• 




< 


• REMOTE MANIPULATOR SYSTEM (RMS) 

• 






• Tl LT TAB LE ( FSS, 1 US, P AM-A) 

• 






• OPEN CHERRY | TILT TABLE WORK PLATFORM 

PICKER (OCP) 1 OCP/RMS 


f 


• 



• MANIPULATOR FOOT RESTRAINT/RMS 

• PAYLOAD INSTALLATION/DEPLOYMENT AID (P|DA) 

• 

• 





• HANDLING/POSITIONING AID (HPA) 


• 





• SPIN TABLE |PAM-A,PAM-D) , 

. EQUIPMENT STORAGE (“mRE™™ 

• 



• 

i 


• FLUID TRANSFER SYSTEM 




• 



• NON-CONTAMINATING ATT CONTR SYS 




• 



- ACT Cl T ncnk- f W/RMS CONTROL 

GONTR/DfsPL^ W/STDSATC/0 

CONTR/DISPL ^ W/CLOSE PROX CONTR 

• 


• 

W 



FREE-FLIGHT SYSTEMS 

• MANEUVERABLE TELEVISION (MTV) 

• PROXIMITY OPS MODULE -MTV ADAP'N 


• 


• 



• PROXIMITY OPS MODULE --MANNED VERSION 

• MAN'D MANEUV UNIT/ / 

WK RESTRAINT UNIT { Evi nin wamhi 

;m(ui|/iairii\ 1 W/PAYLOAD HANDL'D 

(MMU/WRU) 1 Qpg f^oDULE 

• 

(MMU) 


1 

• 

• 



/W/DELIVERY, RCTRIEVAL 
• VERSATILE SERVICE J RENDEZ, DOCKING 
STAGE (VSS) 1 W/END EFFECTOR KIT 

lw/DEBR|S capture KIT 


I 

• 





OPTIONAL EQUIPMENT 
• SUN SHIELD 




• 



• ORBITAL STORAGE 




• 



• ATTITUDE TRANSFER PKG 




• 



• LIGHTING ENHANCEMENT 




• 



ADVANCED CAPABILITIES . 

• dexterous MANIPULATORS I W/HPA 




• 

• 



TOOLS 

• HANDLINQ/EQUIPMENT removal 


• 


1 




Fig. 3.5*1 Service Equipment — Status 
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Cr( 2 w Extra-vehicular activities involve: 


• Control of Service Equipment Operations within the payload bay, as those associ- 
ated with the operation of the OOP/ RMS, OOP work stations on the FSS Tilt Table 
and HPA, and support of RMS equipment removal and stowage operations 

• Operations Involving Close Proximity Satellite Retrieval as those 
associated with retrieval operations using the Proximity Operations Module - 
MMU/WRU adaptation 

• Hands-on Repair /Maintenance inclu ding module exchange and potential fluids 
replenishment 

• Contingency Situations with the RMS inoperative or involving mechanism hangups 
which would call for deployment of the MFR/RMS or appropriate MMU/WRU 
adaptations. 

The above crew interactions clearly indicate that on-orbit crew involvement is an 
inherent part of satellite services in primary and contingency service operations . 

3.5.3 Satellite Features Facilitating Servicing 

Suggested satellite features that will enhance serviceability of satellites by the 
Orbiter/Orbiter crew are: 

• A standardized interface should be established between all satellites and the 
orbiter to contain berthing, umbilical, and fluid transfer connections compatible 
with the HPA and FSS Cradle A' Tilt Table 

• The extent of Orbiter crew involvement in satellite checkout operations should 
be standardized and*, to the extent possible, minimized to reduce control/ display 
implications on the Orbiter 

• Satellite appendages should be deployable while attached to the Orbiter to take 
advantage of the crew’s presence for backup; appendages should also be retrac- 
table to allow for servicing flexibility, access to equipment, and storage for 
earth return 

e An RMS grapple fixture(s) should be located on the satellite to be compatible 
with planned servicing operations 

• Satellite safing should be incorporated in all satellites calling for retrieval for 
servicing or subsequent earth return (e.g, expell residual propellants prior to 
retrieval) . 
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Satellites intended for on-orblt maintenance should be designed with basically the 
same type of ground rules applied to man-tended systems, with particular attention to 
man-tended 12VA compatibility. Five basic ground rules applying to satellites designed 
for on-orbit servicing are; 

• Accessibility 

- EVA Servicing - Reach /Visibility Requirements 

- Mobil Foot Restraint /OOP Positioning Capabilities 

• Size/Form Factors Compatible with EVA Handling 

» Removal and Replacement Simplicity 

- Minimize Equipment Mounting Points 

•• Mechanical Retention Mechanisms 

- Umbilical Connectors 

- Visual Verification of Connection Acceptability 

• Transportability Via EVA and/or RMS 

• Standardized On-Orbit Tool Usage 
3.5.4 Observations 

Overall observations that apply to service requirements and equipment identifica- 
tions are summarized in Figure 3.5.2. Of major significance is that Grumman has based 
its identification of service equipment needs, and thus their concept definition, upon a 
broad base of on-orbit service operations scenarios. These scenarios have addressed 
operations associated with various types of satellite classes expected to be flown by the 
Space Transportation System in the next two decades. 



• SERVICE EQUIPMENT NEEDS BASED ON ON-ORBIT OPERATIONS/USAGE 

• MMU/WRU ADAPTATIONS COVER RMS INOPERATIVE SITUATIONS 

• HPA VS TILT TABLE USAGE 

- WITH TILT TABLE, . . RMS LOCATES P/L ABOVE APD FOR APPENDAGE DEPLOYMENT 

. , , RMS SHOULD "TOSS" P/L TO EFFECT SEPARATION 

- WITH HPA ...appendages deployed WHILE HPA attached 

... HPA IMPARTS SEPARATION AV 

a TYPICAL EQUIPMENT USAGE FOR DIRECT DELIVERY SATELLITE CLASS 
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• CLOSE PROXIMITY RETRIEVAL OF SATELLITES AT 1000 FT SEPARATION CALLS FOR PROX 
OPS MODULE VARIATIONS 

Fig. 3.S>2 Observations 
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